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The  eaeential  contribution  of  this  paper  is  a  study  of  the  changes  in 
the  blood  flow  and  the  oxygen  consumption  of  the  kidney  during  the 
diuresis  evoked  by  pituitary  extract.  This  was  done  in  an  endeavor 
to  throw  further  light  on  the  mode  of  action  of  the  extract  on  the  kidney, 
a  question  to  which  conflicting  answers  have  been  given.  These  con- 
tradictions result  from  the  dual  nature  of  the  kidney  mechanism  and 
the  complex  circulatory  conditions  obtaining  in  this  oi^an  which  make 
it  difficult  to  explain  results  on  the  basis  of   vascular  and  volume 


Magnus  and  Schafer  (1)  and  Sch&fer  and  Herring  (2)  were  the  first 
to  recognize  and  invest^te  the  diuretic  action  of  extracts  of  the  pitui- 
tary body.  They  explained  the  diuresis  as  due  to  direct  stimulation 
of  the  renal  epitheUum.  Their  conclusion  was  based  on  the  lack  of 
parallel  between  the  diuretic  effect  on  the  one  hand  and  the  blood  pres- 
sure and  kidney  volume  on  the  other  hand.  For  a  discussion  of  the 
data  upon  which  this  conclusion  was  based  the  reader  is  referred  to 
Schfifer's  recent  review  of  the  subject  (3).  According  to  his  concep- 
tion, the  active  diuretic  principle  bears  the  same  relation  to  the  kidney 
that  secretin  bears  to  the  pancreas.  Hoskins  and  Means  (4)  have  sup- 
ported Schafer's  view.  An  opposite  conclusion  has  been  arrived  at  by 
Houghton  and  Merrill  (5)  and  by  King  and  Stoland  (6).  From  a  com- 
parison of  the  blood  pressure,  kidney  volume  and  urine  Sow  they  con- 
sider that  the  vascular  changes  following  the  injection  of  pituitary  ex- 
tract are  sufficient  to  explain  the  diuresis.  Pal  (7)  and  later  Cow  (8) 
working  with  isolated  arterial  rings,  after  the  method  of  Meyer,  found 
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$.  specific  dilator  action  on  the  renal  vessels.  McCord  (0)  found  that 
the  veasela  of  the  isolated  perfused  kidney  were  dilated  by  pituitary 
extract  while  the  vessels  of  other  organs  (e.g.,  spleen)  were  constricted. 
In  view  of  these  conflicting  opinions  it  seemed  to  the  authors  that  a 
study  of  blood  flow  and  oxygen  consumption,  using  the  method  of  Bar- 
eroft  and  Brodie  (10),  might  throw  further  light  on  the  question.  Us- 
ing this  method,  Barcroft  and  Straub  (11)  showed  that  under  certain 
oonditioDs  (e.g.,  injection  of  Ringer's  solution)  well-marked  diuresis 
may  be  induced  without  any  change  in  oxygen  consumption  by  the 
kidney.  The  diureus  induced  by  other  means  (e.g.,  urea  injection) 
was  accompanied  by  a  decided  increase  in  oxygen  intake.  It  was  con- 
sidered therefore  that,  if  the  diuresis  induced  by  pituitrin  was  associ- 
ated with  an  increase  of  metabolic  activity  as  indicated  by  the  oxygen 
intake,  this  would  furnish  additional  confirmation  of  Schftfer'n  view, 
while  on  the  contrary  if  no  change  in  metabolic  activity  was  found,  it 
would  be  reasonable  to  consider  the  process  purely  physical. 

BxruumotTAL 

The  experiments  were  mainly  on  cats.  The  animals  were  aoaes- 
tbetiied  with  urethane  supplemented  by  ether  when  necessary.  The 
methods  of  dissection,  collection  of  the  blood  and  measurement  of  its 
rate  of  flow  were  similar  to  those  previously  deecribed  by  Barcroft  and 
Brodie  (10).  In  a  few  experiments  on  pregnant  cats,  evisceration  was 
avoided  by  using  the  greatly  enlarged  ovarian  vein  for  the  measurement 
of  the  blood  flow.  In  this  way  the  nerve  supply  to  the  kidney  was  pre- 
■erved  intact.  This  method  was  suggested  to  one  of  us  by  Mr. 
Barcroft.  I'rine  was  collected  by  means  of  a  bladder  cannula  and  the 
flow  recorded  by  a  drop-counter.  Oxygen  <leterminati»nB  were  made 
with  the  Barcroft  blood-gas  apparatus,  using  the  differential  method 
described  by  Barcrt>ft  (12). 

The  preparations  used  were  pituitrin  (Parke,  Davis*  <"ompany)  and 
infundin  (Burnmghs  Welcome).  In  experiments  where  the  two  prepa- 
rations were  uscti  alternately  a  greater  preliminary  fall  of  blood  pressure 
was  noted  with  the  infundin,  indicating  perhaps  a  slightly  greater  con- 
tent of  accompanying  vasiHlilator  substance.  Otherwise  the  action 
of  the  two  pn'parations  appoarp<)  identical. 

In  general  the  results  we  obtune<l  were  in  conformity  with  those  of 
SchAfcr  and  his  coworkers.  The  intravenous  injection  of  pituitary 
extract  was  commonly  followed  by  an  initial  fall  of  blood  prewure. 
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Apparently  this  fall  was  peripheral  in  origin  rather  than  cardiac  as  it 
appeared  as  promptly  when  the  injection  was  made  directly  into  the 
arterial  system  after  the  method  devised  by  Mathison  (13).    This  brief 
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*  The  measurements  of  blood  pressure  as  given  in  the  tables  were  taken  just 
at  the  firac  when  the  blond  flow  was  measured.  They  therefore  do  not  always 
indicate  the  maximum  point  reached  as  a  result  of  the  injection.  Our  plan  was 
to  take  the  blood  flow  and  samples  for  Analysis  at  the  point  when  urine  flow  seemed 
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initial  fall  was  followed  by  a  rise  which  persisted  for  a  variable  time. 
Associated  with  these  circulatory  cbanKes  there  was  first  Buppression  or 
diminished  secretion  of  urine  coincidinff  with  the  fall  of  blood  preMtire. 
Diuresis  as  a  rule  be^an  just  beyond  thccrostof  hinh  pressure.  Our  ob- 
servations aleu  confirm  the  statement  of  Ma^us  and  Sch&fer,  and 
Sch&fer  and  Herring  that  the  diuresis  may  outlast  the  rise  of  bloiKl 
pressure  or  may  be  copious  with  a  fall. 

Repeated  injections  K^^ve,  in  general,  diminishing  effects  on  the 
blood  pressure  so  that  after  the  first  two  or  three  injections  the  initial 
fall  was  the  prominent  feature  and  the  after-rise  often  failcfl  to  reach 
the  earlier  average.    With  few  exceptions  the  tliuretic  effect  also  tended 


Fin.  1 

to  diminish  with  repeated  dosage.  This  <liniinution  of  diuretic  action 
was  not  as  definite  nor  wan  it  parallel  with  the  lessening  circulatory 
effect. 

By  referring  to  table  1  the  reailer  can  compare  the  al>ove  dp»cril)ed 
changes  in  detail.  It  may  be  seen  that  in  experiments  A  and  B  the 
maximum  rise  of  blooil  pressure  followed  the  first  injection  while  the 
maxinmm  urine  flow  and  blo«Mi  flow  through  the  ki<lney  came  subse- 
quent to  the  second  and  third  injections  respectively.  In  experiment 
C  the  maximum  blood  presmire  change  and  maxiniimi  urine  flow  approxi- 
mately coincide<l.  In  figures  1  and  2  the  results  of  repealed  injections 
are  presented  graphically. 
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In  table  2  the  effects  of  pituitrin  on  blood  pressure,  blood  flow  through 
the  kidney  and  diuresis  are  compared  in  greater  detail.  It  is  seen  that 
whether  the  arterial  blood  presaare  rises  or  falls,  increased  flow  of  blood 
through  the  kidney  is  a  constaht  accompaniment  of  diuresis.  In  a 
general  way  the  two  effects  run  parallel,  a  free  diure^  being  associated 
with  a  decided  increase  in  blood  flow.  In  a  number  of  instances  the 
quantity  of  blood  flowing  through  the  renal  vessels  per  minute  was 
doubled.  We  noticed  repeatedly  that  following  the  injection  of  the 
pituitary  hormone,  the  venous  blood  was  arterial  in  color  owing  to  the 
rapidity  of  the  flow.     In  some  instances  in  which  but  little  diuresis 


Fig.  2 

could  be  induced,  the  blood  flow  also  showed  but  little  change  even 
though  the  blood  pressure  was  raised. 

Data  concerning  the  influence  of  pituitrin  on  the  oxygen  consump- 
tion by  the  kidney  are  given  in  table  3.  It  may  be  seen  that  totally 
independent  of  the  extent  of  the  diuresis  induced,  the  amount  of  oxygen 
used  by  the  kidney  remained  uninfluenced  by  the  pituitary  hormone. 
In  no  successfully  completed  experiment  was  there  evidence  that  pitui- 
trin caused  increased  work  on  the  part  of  the  renal  cells  as  measured 
by  their  oxygen  intake. 

In  several  instances  as  a  check  on  our  method  we  compared  the  effect 
of  the  pituitary  extract  with  that  produced  by  urea  or  sulphate  (table 
4  and  Eg.  3).    In  sharp  contrast  to  pituitrin,  the  ureaand  sodium  sul- 
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TABLE  1 
Bfftti  of  injrrtionf  oj  piluilar]/  extract  on  blood  prtiturt.  blood  floa  and  vriiM^Ov 


Animal  not  cviserrsted 
AfUrO.5   cc.  pituitriD 


Animal  not  FviarrrBtri) 
Pituitrin.  1  re 

Anim»l  evUoprsted.  Ur- 
ine flow  from  one  kidney 

Pituitrin,  2  cc.  (two  injrc- 
tioiu,  1  cc,  each) 

No  eviaceration 

L.  after  1  cc.  pituitrto 


I  Animal  eviarcTaled 
S  min.  after  pituitrin 

After  2nd  injection,  1  cc. 

Animal  not  eviscerated 
I.&  cc.  pituitrin 

After  Sod  injection,  2  c 
pituitrin 

Animal  not  eriace  rated 

r.  pituitrin 
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TABLE  Z-CimctiiJtd 


BtOOD 
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10.3 

' 
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19,4 

0,5. 

1.07 
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38.4 

5 

1  cc.  pituitrin  injected 

11 

3.42 
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24.5 

5 

Animal  eviscerated 

3.52 
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30.0 

20 
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12 

3.43 

84 

20,0 

3 

Cat  with  tubular  nephritis. 
Eviscerated. 

3.59 

106 

23.4 

7 

Injected  1  cc.  pituitrin 

TABLE  3 
InfiueiKt  of  piluitary  eitracl  on  the  oxygen  consumption  of  the  kidney 
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Doubled 
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o.oei 
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4 

0.068 
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More  than  doubled 
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S 

0.068 

0.041 

No  increase  in  urine 

Same  animal   as  in  4;  50  min. 
later 

e 

0.047 

0.049 

Increased  fourfold 

Animal  eviscerated 

7 

0.045 

0.035 

Very  slight  increase 

Considerable  loss  of  blood  dur- 

s 

0.096 

0,081 

Definite  increase 

ing  operation 
Animal  eviscerated 

9 

0.045 

0.037 

No  increase 

10 

0.026 

0.026 

Doubled 

Nephritis  (tubular) 
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phBt«  produced  the  decided  increase  in  oxygen  intake  previouriy  de- 
Bcribed  by  Barcroft  and  Straub. 

Two  special  iDBtaoces  encountered  during  our  exporiroents  also  sug- 
gest that  the  pituitary  hormone  and  urea  produce  their  efTects  through 
different  mechanisms.  In  one  case  although  the  pituitary  extract  pro- 
duced a  definite  increase  in  urine,  subsequent  JnjectioD  of  sodium  sul- 
phate failed  to  cause  its  usual  marked  effect.    I^ter  inspection  showed 
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PrcMdioK  injection 
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Ut«r  Injection  of 
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take 

that  the  kidneys  were  pathological  and  microscopiral  examination 
ihowed  a  marked  tubular  type  of  nephritis.  It  may  be  noted  also  that 
the  oxygen  consumption  by  this  nephritic  kidney  was  the  lowest  that 
we  have  measure*!.  In  another  instance  repeated  injec-liuns  of  pitui- 
trin failnl  to  cause  any  urine  flow.  The  subsequenl  injection  of  sotlium 
sulphate  was  followed  by  a  copious  diureiiis.  (>f  course  one  ran  not 
put  too  much  emphasis  on  such  evidence  yet  the  data  fit  in  so  well 
with  the  general  picture  that  they  at  least  warrant  mention. 
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DISCUSSION  AND  SUHHARY 

That  stimulation  meana  increase  of  activity  ie  a  biological  axiom. 
This  increased  activity  always  involves  proportionate  increase  in  metab- 
olism. It  is  this  metabolism  which  causes  the  demand  for  oxygen  on 
the  part  of  a  tissue  or  organ.  We  may  therefore  regard  the  oxygen 
intake  of  an  organ  as  a  satisfactory  criterion  of  stimulation.  As  Bar- 
croft  (14)  baa  seud,  "There  is  no  inAance  in  which  it  can  be  proved 
that  an  organ  increases  its  activity  under  physiological  conditions  with- 
out increasing  its  demand  for  oxygen."  Further,  "  An  advant^e  of  ' 
the  assurance  that  every  increase  in  the  activity  of  the  cell  means  an 
instant  call  for  oxygen  lies  in  the  fact  that  it  furnishes  a  method  of  de- 
ciding whether  in  certain  cases  there  is  or  is  not  increased  activity  on 
the  part  of  the  cell."  This  test  for  cell  activity  has  been  applied  to  the 
kidney  by  Barcroft  and  his  coworkers.    Thus  the  question  of  stimula- 
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tion  has  been  answered  in  the  aflinnativp  for  such  iliuretic  Bubxtani-ps 
as  urea,  caffein,  sodium  sulphate  and  phloridzin,  and  in  the  negative 
for  the  diuresis  induced  by  Kinger's  solution.  We  accordingly  applied 
this  test  to  the  pituitary  diuresis  as  it  aecme<l  to  un  that  if  we  obtained 
a  definite  increase  in  the  oxygen  intake  it  could  l>c  regarded  as  a  posi- 
tive confirraation  of  Hch&fer's  conclusion. 

Our  results  are  in  accord  with  Schiifer's  in  so  far  tm  they  show  that 
at  times  there  is  complete  lack  of  parallel  between  the  blotHl  pref<.iure 
and  the  urine  flow.  However  the  argument  th^t  this  furnishes  con- 
clusive proof  of  the  stimulation  of  the  renal  celli)  would  seem  to  loiu>  its 
force  in  the  light  of  our  fin<iings  relative  to  oxygen  consumption  and 
blood  flow.  It  is  difficult  to  explain  the  failure  of  the  kidney  to  show 
any  change  in  its  metabolic  activity  on  any  basis  of  renal  stimulation. 
The  source  of  the  energj-  must  lie  outside  the  kidney.  While  such  pos- 
sibilities as  physical  changes  in  the  blood  or  changes  in  the  permeability 
of  the  idomenilar  filter  can  not  be  entirely  ignored,  the  relatione  of 
blood  flow  and  urine  flow  are  such  that  the  effect  may  be  natisfacUirily 
explaineil  as  due  entirely  to  the  vascular  change.  Dilatation  of  renal 
vessels  with  more  or  less  constriction  elsewhere  must  be  the  causal  ac- 
companiment of  increased  blood  flow.  This  by  increasing  the  pressure 
in  the  capillaries  of  the  glomerulus  increases  the  rate  at  which  the  urine 
is  formed.  That  the  kidney  vessels  do  show  this  specific  dilatation  in 
concentrations  which  cause  constriction  elsewhere  is  indicated  by  (he 
work  previously  cited  (7),  (8),  (9).  Nor  is  this  difference  in  the  re- 
sponse of  the  renal  vessels  limited  to  their  behavior  toward  pituitrin. 
(lOttlieb  and  Magnus  (I.*))  state  that  digitalis  has  less  constrictor  effert 
on  the  renal  vessels  than  on  the  mesenterir  vessels  and  Baylisn  il6) 
found  that  when  the  depressor  nerve  is  stimulated  the  change  in  ki<]ney 
volimie  and  blood  pressure  are  parallel  while  the  volume  of  other  inter- 
nal organs  increases.  This  he  interprets  as  indicatingadiflerent  organi- 
lation  of  vasomotor  merhaniams  in  the  kidney  as  compared  with  other 
internal  organs. 

llie  outstanding  effects  of  injections  of  extracts  of  the  posterior  lolte 
of  the  pituitary  body  are  on  involuntar>'  muscle.  What  were  earlier 
suppose<l  to  be  evidences  of  stimuhition  of  gland  cells  (e.g.,  the  mam- 
mary) have  more  recently  been  explaine<l  as  4ue  to  stimulation  of  the 
smooth  muscle  of  the  gland  (17).  Welx>lieve.on  thelMsinof  our  residts, 
that  the  action  of  the  kidney  is  of  the  same  general  nature  with  the  dif- 
ference that  in  the  case  of  the  renal  vessel  the  e^trni-tHcaUH-il  inhibition 
(i.e.,  vasodilation)  of  the  sm(M>th  muscle  inHtead  of  stimulation.     Otir 


Digitized  by  VjOOQIC 


ACTION   OF   PlTtJlTART   EXTRACT  ON    KIDNET  11 

results  do  not  indicate  that  it  is  necessary  to  include  a  further  effect  on 
the  cellukr  elements  of  the  tubules.  This  vasodilation  could  hardly  be 
passive  as  increased  blood  flow  was  found  without  accompanying  rise 
of  blood  pressure.  Several  recent  writers  (18),  (19)  have  reported  that 
subcutaneous  injections  of  pituitary  extracts  cause  no  change  or  may 
cause  diminished  production  of  urine  during  twenty-four  hour  periods. 
The  question  then  of  whether  diuresis  is  produced,  such  as  is  usually  ob- 
tained by  intravenous  injection  of  rather  large  doses,  or  whether  there 
is  diminished  flow  of  urine  is  a  question  of  whether  the  kidney  vessels 
are  dilated  and  an  increased  blood  flow  thereby  maintained.  It  may 
possibly  be  found  that  when  slower  absorption  occurs  as  from  subcu- 
taneous administration  the  renal  dilatation  may  not  be  a  prominent 
feature  of  the  action;  or  when  studied  over  long  periods  initial  dilata- 
tion may  be  followed  by  a  more  prolonged  constriction.  Such  results 
do  not  in  any  way  disprove  our  findings. 

The  results  of  our  experiments  do  not  incline  us  toward  the  view 
that  the  posterior  lobe  extracts  yield  several  hormones.  The  prepara- 
tions that  we  used  contained  different  amounts  of  the  vasodilator  sub- 
stance but  this  is  undoubtedly  not  specific  but  identical  with  that 
found  in  many  organic  extracts,  The  lack  of  parallel  between  the 
pressor  effect  on  blood  pressure  and  the  effect  on  the  kidney  can  well 
be  explained  on  the  ba«s  of  differing  threshold  of  stimulation  by  the 
same  active  hormone. 

CONCLUSIONS 

1.  The  oxygen  consumption  by  the  kidney  is  not  increased  during  the 
diuresis  induced  by  pituitary  extracts. 

2.  Using  the  oxygen  consumption  as  the  criterion,  there  is  no  evidence 
that  pituitary  extract  stimulates  the  renal  cells. 

3.  Throughout  our  experiments  increased  blood  flow  through  the 
kidney  was  an  invariable  accompaniment  of  pituitary  diuresis. 

4.  From  the  evidence  at  hand  it  seems  poamble  to  explain  the  diuretic 
action  of  pituitary  extract  entirely  on  the  basis  of  the  vascular  changes 
and  increased  filtration  pressure  obtaining  in  the  kidney. 
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Id  a  previous  publicatioD  we  (1)  pointed  out  that  the  ingestion  of  the 
foodatuffe  increaaed  the  catalase  of  the  blood  and  hence  of  the  tissues 
by  stimulating  the  digestive  glands,  particularly  the  Uver,  to  an  in- 
creased output  of  this  enzyme  and  accordingly  suggested  that  the  in- 
crease in  oxidation  after  the  taking  of  food,  as  observed  by  Lavoisier, 
wae  due  to  the  increase  in  catalase,  an  enzyme  possessing  the  property 
of  liberating  oxygen  from  hydrogen  peroxide.  It  was  also  found  that 
of  the  foodstuffs,  meat  was  a  more  effective  stimulant  to  the  production 
of  catalase  than  either  fat  or  sugar  saA  hence  we  suggested  thatthe 
specific  dynamic  action  of  protein  as  set  forth  by  Rubuer  (2)  was  due 
to  this  fact.  The  object  of  the  present  investigation  was  to  determine 
the  effect  of  the  ingestion  of  the  ordinary  food  materials,  fruits  and 
beverages  on  the  production  of  catalase.  The  fatty  foods  used  were 
bacon,  lard,  olive  oil,  glycerine  and  sodium  palmitate;  the  protein 
foods,  eggs,  casein,  peptone,  beef  extract  and  amiooids;  the  carbohy- 
drates, starch,  rice  flour,  com  meal,  wheat  flour,  dextrine,  honey,  su- 
crose, maltose,  lactose  and  dextrose;  the  fruits,  oranges,  bananas,  lemons, 
rhubarb,  apples,  grape  fruit;  the  beverages,  chocolate,  coffee,  milk, 
cocoa  and  alcohol.  After  etherizing  the  animals  and  opening  the  ab- 
dominal wall,  these  substances  were  introduced  in  Uquid  form  in  about 
equal  quantities  into  the  stomach  and  intestine  under  pressure  from  a 
bottle  through  a  rubber  tube  and  an  attached  hypodermic  needle. 
The  quantity  of  the  different  substances  used  will  be  given  in  the  de- 
scription of  the  individual  experiments.  The  catalase  in  0.5  cc.  of 
blood  taken  directly  from  the  Uver,  the  portal  and  jugular  veins  was 
determined  before  as  well  as  at  fixed  intervals  after  the  introduction  of 
the  different  materials.  The  blood  from  the  liver  was  collected  from  a 
superficial  incision  made  in  this  organ.  The  catalase  wa?  determined 
by  adding  0.5  cc.  of  blood  to  50  cc.  of  hydrc^en  peroxide  in  a  bottle  at 


Digitized  by  VjOOQIC 


14  W.    E.    BL'RGE    AND    A.   J.    NEILL 

approximately  22°C.  sii<t  aa  the  oxyKcn  ((as  was  liberated  it  waa  con- 
ducted throuKh  a  rubber  tube  to  an  inverted  burette,  previously  filled 
with  water.  After  the  volume  of  f^&s  eolleeted  as  described  in  ton 
minutes  had  been  reduced  to  stantlard  atmospheric  pressure  the  result- 
inK  volume  was  taken  aR  a  measure  of  the  amount  of  catalase  in  the 
0.6  cc.  of  blood,  llie  material  was  shaken  in  a  shaking  machine  at  a 
fixed  rate  of  one  hundml  and  eighty  double  shakes  per  minute  dunnx 
the  determinations.  It  will  he  noticed  that  none  of  the  experiments 
lasted  more  than  two  hours  owinft  to  the  fact  that  the  animal  with  its 
abdominal  wall  open  and  havinft  ether  administered  hexan  as  a  rule  to 
develop  the  condition  of  shock  and  on  this  account  the  catalase  befcan 
to  decrease. 

In  GKure  1  under  lard,  bacon,  olive  oil,  glycerine,  sodium  palmitate, 
triraethylene  glycoll  and  ethyl  alcohol  are  given  curves  constructed 
from  data  obtained  from  dogs  before  as  well  as  at  fixnl  intervals  after 
the  introduction  of  these  materials  into  the  alimentar>-  tract.  The 
lard  was  introduced  in  the  form  of  an  emulsion  which  was  made  by 
shaking  600  grams  of  lard  heated  to  40*'('.  with  200  cc.  of  a  I  per  cent 
Bodiimi  carbonate  solution.  Five  hundred  grams  of  finely  ground 
bacon  were  tried  out  and  introduced  into  the  alimentary  tract.  Four 
hundred  cubic  centimeters  of  glycerine  were  shaken  with  200  cc.  of 
water  and  introduced  as  such.  The  sottium  palmitate  was  prepared  by 
adding  sodium  hydroxid  to  350  grams  of  palmitic  acid.  Five  hundred 
cubic  centimeters  of  50  per  cent  trimethylenc  glycoll  and  500  cc,  of 
45  per  cent  ethyl  alcohol  were  used.  All  the  substances  were  warmed 
to  38  (*.  previous  to  being  introducc<l  into  the  alinicn1ar>'  tract  of  the 
dogs.  The  figures  along  the  ordinate  in  chart  I  as  well  as  in  all  the 
charts  in  this  paper  reprcwnt  amounts  of  catalase  meiuturiHl  in  cubic 
centimeters  of  oxygen  lil>erated  by  0.5  cc.  of  blotMt  from  50  cc.  of  hydro- 
gen peroxide  in  ten  minutes,  and  the  figures  along  the  absriK-ta,  time  in 
minutes.  The  continuous  line  cur%-en  in  all  the  charts  of  the  paper 
were  conslructi>d  from  data  obtained  from  blood  taken  from  the  Ii%-er, 
the  discontinuous  line  curves  fnmi  the  bUKxl  of  the  pcirtal  vein,  and  the 
dotted  line  curves  from  the  blood  of  the  jugular.  Il  will  !«•  seen  in  fig- 
ure 1  that  previous  to  the  int rtwiuct ion  of  the  lard.  0.5  rr.  of  the  blood 
of  the  liver  lilK<rate<l  74  cc.  of  oxyjtcn  from  hydniRcn  {xTrixide  while 
('..*>  cc.  of  bl<H)il  from  the  [Htrtal  and  jugular  vfum  Ultfriilcd  70  and  (19 
IT.  of  oxvfcen  resiMM-tively.  After  the  inlniductioii  of  ihctarrl  Ihccata- 
liisc  in  the  bliKx)  of  the  liver,  [Kirtal  and  juxular  veins  wan  incn-nsfd 
as  is  indicated  by  the  increase  in  the  amount  of  <»xyE.-h  lilHTateil  from 
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hydro({en  peroxide.  Tfac  catolaae  of  the  portal  blood  was  incrraaetl 
more  rapidty  particularly  durioK  the  first  thirty  tninuti's  than  that  of 
the  juKular.  This  is  taken  to  mean  that  the  lard  was  stimulating  the 
alimentary  glands  to  an  increased  output  of  catalase  while  the  increase 
in  the  catalase  of  the  blood  of  the  jugular  was  due  principally  (o  the 
stimulation  of  the  liver  to  an  increased  output  of  this  entyme.  That 
the  liver  is  normally  putting  out  catalase  continuously  into  (he  blood 
is  shown  by  the  fact  that  the  blood  taken  directly  from  the  liver  is 
always  richer  in  catalase  than  the  blood  from  any  other  part  of  the 
body  by  15  to  20  per  cent.  The  fart,  as  shown  in  a  previous  publica- 
tion, that  the  introduction  of  a  substanre  such  as  ethyl  alcohol  which 
normally  produces  a  great  increase  in  the  ealalase  of  the  bImM),  pro- 
duced a  very  small  increase  after  the  liver  was  cut  out  of  the  cirrulation 
by  an  Erk  fistula  and  ligating  the  hepatic  artery,  wax  taken  to  mean 
that  the  liver  is  the  organ  prinripally  renimnsible  for  (he  prtKluction  of 
catalase.  It  may  also  be  seen  that  the  introdurtion  of  the  baron  as 
well  as  the  olive  oil  into  the  alimentary  tract  pnxluntl  an  inrreaoe  in 
catalase.  TTie  introduction  of  glycerine  prwiuced  an  ini-reaoe  while 
sodium  paUnitate  did  not.  This  observation  in  interpn-le<l  to  mean 
that  the  glycerine  radical  in  the  fat  moleeule  it)  n-xponHible  for  the 
stimulating  effect  of  fat  on  the  output  of  calalam'.  Ky  mmpanng  the 
stimulating  effect  of  glycerine,  trimethylene  glyroll  and  ethyl  alcohol 
to  an  increased  pro<]uction  of  catalase  it  will  t>e  seen  that  glycerine, 
a  trihydroxy  alcohol,  was  least  effective,  trimethylene  glycoll,  a  dihy- 
droxy  alcohol  was  more  effective,  and  ethyl  alcohol,  a  monohydroxy 
alcohol,  waa  most  effective. 

In  figun'  2  the  cur\'i'H  were  conHtniettHl  fmm  data  olitalmHl  l^'fore  as 
well  as  at  fixed  intervals  after  the  intrxxluftion  of  eggs,  casein,  peptone, 
beef  extract  and  biuret-free  aminoids.  Twelve  eggH  were  beaten  up 
and  strained  through  two  thicknesses  of  cheese  cloth  and  introduced  in 
this  form.  The  rasein  was  prepare*!  by  dissolving  4(W  grams  of  a  com- 
mercial preparation  of  this  material  in  200  re.  of  i«Hlium  earlMmate: 
"  the  peptone  by  dissolving  350  grams  in  300  cr.  of  water;  the  Ix-ef 
extract  by  dissolving  300  grams  of  Liebig's  l>eef  extract  in  2<M)  re.  of 
water,  and  the  aminoids  by  tlissolving  a  biuret-free  commercial  prejia- 
ration  in  200  cc.  of  water.  The  aminoids  containtii  II. OH  per  cent  of 
nitrogen  and  of  this  8.9  per  cent  was  amino  nitrogen.  It  will  l>e  wen 
that  the  introduction  of  the  egg  as  well  as  the  caM-in  pnxlucetl  little  or 
no  increase  in  ibe  catalase  of  (he  blotMl  as  is  indieaUHl  by  the  fart  (hat 
there  was  no  increase  pro«luced  in  the  amount  of  oxygen  lil>erAt<-d  frtmi 
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hydrogeo  peroxide.  The  peptone  and  beef  extract  produced  an  increase 
but  not  SO  marked  as  did  the  aminoids.  It  is  assumed  that  the  egg 
and  casein  did  not  produce  an  increase  because  the  length  of  the  ex- 
periment was  not  sufficient  to  permit  the  digestion  and  absorption  of 
these  sul^tances,  while  the  peptone,  beef  extract  and  aminoids,  being 


nt 


Fig.  2.  Curves  shoving  eSect  of  the  introduction  of  egg,  casein,  peptone,  beef 
extract  and  aminoids  into  the  alimentary  tract  on  the  oatalose  content  of  the 

blood  of  the  liver,  portal  and  jugular  veins.    Curves  show  amount  of 

catalase  in  the  blood  of  the  liver; curves  show  amount  of  catalaae  in  the 

blood  of  port&l  vein ;  - curves  show  amount  of  catalaae  in  the  blood  of  the 

jugular.     The  figures  along  the  abscissa  indicate  time  in  minutes,  and  those 
along  the  ordinate,  amounts  of  catalase  measured  in  cubic  centimeters  of  oxygen. 


immediately  absorbed,  stimulated  the  digestive  glands,  particularly  the 
liver,  and  thus  produced  an  increase  in  catalase.  According  to  Paw- 
low  beef  extract  functions  in  stimulating  the  gastric  glands  to  an  in- 
creased output  of  gastric  juice.  The  preceding  observation  shows  that 
beef  extract  also  stimulates  the  liver  to  an  increased  output  of  catalase. 
The  fact  that  the  aminoids  being  composed  mostly  of  amino  acids 
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stimulated  the  digestive  glands  to  the  greatest  extent  suggests  that  the 
amino  acids  are  the  substances  responsible  for  the  great  stimulating 
effect  of  meat  on  the  production  of  catatase. 

In  figure  3  under  starch,  dextrine,  sucrose,  maltose,  lactose,  honey 
and  dextrose  are  given  curves  constructed  from  data  obtained  from 
d(^s  after  the  introduction  of  these  materials  into  the  alimentary  tract. 
The  starch  was  introduced  in  the  form  of  a  paste  which  was  made  by 
adding  200  cc.  of  water  to  400  grams  of  com  starch.  Four  hundred 
grams  of  dextrine  as  well  as  each  of  the  sugars  used  were  dissolved  sepa- 
rately in  200  cc.  of  water.  It  will  be  seen  that  the  introduction  of  the 
atarch  as  well  as  the  dextrine  produced  little  or  no  increase  in  the  cata- 
lase  of  the  blood  while  the  sugars  produced  an  increase,  lactose  and 
dextrose  producing  the  greatest  increase.  It  is  assumed  that  the  starch 
and  dextrine  did  not  produce  an  increase  because  the  length  of  the  ex- 
periment was  not  sufficient  to  permit  the  digestion  and  absorption  of 
these  substances.  The  dextrose  produced  a  more  rapid  and  extensive 
increase  in  catalase  than  did  sucrose  or  maltose  due  presumably  to  the 
greater  rapidity  with  which  it  is  absorbed.  Why  lactose,  a  disaccharide 
should  have  produced  a  more  rapid  and  extensive  increase  than  the 
othertwodisaccharides,  weare  unable  to  say.  However  the  purposeful- 
nesB  of  this  becomes  evident  when  it  isconsidered  that  lactose  is  the  sugar 
on  which  suckling  animals  live.  The  stimulating  effect  of  honey  was 
due  presumably  to  the  simple  sugars  constituting  the  bulk  of  this 
substance. 

In  figure  4  are  shown  curves  constructed  from  data  obtained  before 
as  well  as  at  fixed  intervals  after  the  introduction  of  rice  flour,  com 
meal,  wheat  flour,  dextrine  and  dextrose.  These  substances  were  pre- 
pared for  injection  by  adding  200  cc.  of  water  to  400  grams  of  each  of 
the  materials  and  warming  to  38°C.  It  will  be  seen  that  the  introduc- 
tion of  none  of  these  substances  except  dextrose  produced  an  increase 
in  catalase,  due  presumably  to  the  length  of  time  of  the  experiment  being 
too  short  to  permit  the  digestion  and  absorption  of  the  materials. 

In  figure  5  under  oranges,  oranges  (very  ripe),  bananas,  lemons,  rhu- 
barb, apples  and  grape  fmit  are  given  curves  constmcted  from  data 
obtained  from  dogs  previous  to  and  after  the  introduction  of  these  mate- 
rials into  the  alimentary  tract.  Two  dosen  oranges  were  peeled  and 
ground  to  a  very  fine  consistency.  Half  of  this  material  was  used  im- 
mediately while  the  other  half  was  permitted  to  stand  in  a  thermostat 
at  38°C.  for  twenty-four  hours.  The  material  that  had  stood  in  the 
thermostat  is  referred  to  in  the  chart  as  oranges  (very  ripe).    Twelve 
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bananas  were  peeled,  macerate  and  also  plaeed  in  a  thprniontat  for 
twenly-four  hours  at  SS'C.  The  pulp  and  the  juice  of  twelve  lemons 
and  of  four  large  grapefruit  were  ground  up  separately  and  strained 
through  a  cheese  cloth.  Similarly  SOU  grams  of  rhubarb  and  of  apples 
were  prepared.  It  may  be  seen  that  the  introduction  of  the  oranges 
produced  no  increase  in  catalase  while  the  introduction  of  oranges  I  very 
ripe)  as  well  as  the  bananas  which  had  umtergone  the  ripening  proc- 
ess produced  an  increase  in  the  catalaee  of  the  blood.     The  slimu- 


¥ig.  4.  Curve*  ihowiiiK  effrrt  of  the  introdurlion  of  rier  flour,  com  mval. 
wheat  flour,  deilrine  and  dextroae  into  the  alimentary  Irftrl  on  the  catalaae  ron- 

tent  of  the  blood  of  the  liver,  |)ortal  and  juRular  vein*. furvew  show 

amount  of  ratalasein  iheliloodof  the  liver;  --  --  ~  curved  show  amount  of  rata- 
laae  in  the  blood  of  the  portal  vein:  -----  rurvm  ihoir  amnunl  nf  rainlnv  in 
the  blood  of  the  juRular.  Thi-  Rfcureii  nlnnit  the  ahnrlHin  inilirntr  time  in  minulea. 
and  those  along  the  ordinntr.  amounto  of  rntnliwr  tnenHured  in  eulilr  rpntimrrem 
of  OKyKcn. 

lating  effect  of  the  fruit  which  had  undergone  the  ripening  procetiji  in 
attributed  to  the  large  amount  of  sitgar  and  pos-iibly  alcohol  in  this 
material.  The  introduction  nf  the  marerated  lemons  and  apples  pro 
dueed  ver>'  little  if  any  increase  while  the  rhubarb  and  grape  fruit  pro- 
ducetl  a  verj-  small  increase  in  catalase. 

TTie  rhwolate  and  ctH-oa  used  in  the  experimentH  in  figure  tiwere  pre- 
pared by  diftsolving  200  grams  of  linker's  choi-olate  and  200  grani!>  of 
roeoa  in  300  ee.  of  water.     The  coffee  was  pn'i)ared  by  atlding  dOgrams 
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of  this  matprisi  to  400  cc.  of  water  and  boiling.  The  milk  used  was 
600  cc.  of  frcwh  cow's  milk.  It  will  l>e  seen  that  the  chocolate  pixxiuced 
a  market]  increane  in  the  catalase  of  the  b1fl<>«),  the  cofTec  an  increa)«e 
in  the  cutalaae  of  the  portal  bioo<l  and  the  milk  a  very  sliKht  increase, 
while  the  cocoa  produced  no  incrcaao  at  all.  The  only  difference  Itetween 
the  cocoa  and  chocolate  used  waa  that  the  former  containnl  much  leas 
fat  than  the  latter,  hence  the  stimulating  effect  of  the  chocolate  must 


Fig.  9.  Curve*  •bowing  effect  of  the  iotroduotioa  nf  rhocolBle,  coffee,  milk. 
eocom  kod  ftlcobol  into  the  alimeDtAry  tract  on  the  catalaae  coaleat  of  the  blood 

of  the  liver,  portal  and  jugular  veins.    Curvea  ehow  amount  of  raia- 

laae  in  the  blood  of  tbe  liver; curvea  abow  amount  of  catalaae  in   the 

blood  ol  tbe  portal  vein; curvea  abow  amount  of  raialMe  in  the  blood 

of  the  jugular.  The  figure*  along  tbe  abaciaaa  indicate  time  in  mioutn,  and 
thoae  along  the  ordinate,  amounta  of  catslaae  measured  in  ruble  centimetera  of 

have  been  due  to  the  presence  of  the  fat.  The  increase  in  catalase  pro- 
duced by  the  coffee  must  have  been  due  to  the  stimulation  of  the  ali- 
mentary ([lands  since  the  increase  was  confined  entirely  to  the  portal 
blood.  Forty-five  minutes  after  the  introduction  of  the  cocoa  when  it 
bad  produced  no  increase  in  the  ratalase,  SOO  cc.  of  45  per  rent  ethyl 
alcohol  were  intnHluced  which,  as  may  be  seen,  produced  a  marked 
increase  in  catalaae. 
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Lavoisier  showed  that  the  ingestion  of  food  increased  oxidation  in  the 
body.  Rubner  showed  that  of  the  foodstuffs  meat  ingestion  increased 
oxidation  most,  fat  next  and  sugar  least.  Magnus-Levy  (3)  showed 
that  the  ingestion  of  320  grams  of  fat  bacon  increased  metabolism  19 
per  cent  and  the  ingestion  of  210  grams  of  butter  increased  it  14  per 
cent.  Johansson,  Billstrom  and  Heijl  (4)  showed  that  ingestion  of  the 
simple  sugars  increased  metabolism.  Means,  Aub  and  DuBois  (5) 
showed  that  the  administration  of  large  doses  of  caffeine  to  normal  indi- 
viduals produced  an  increase  in  the  basal  metabolism  10  to  30  per 
cent.  Lusk  (6)  showed  that  the  ingestion  of  oUve  oil  as  well  as  amino 
acids  increased  metabolism  and  accordingly  suggested  that  the  stimu- 
lating effect  of  protein  to  increased  heat  production  is  due  to  the  influx 
of  amino  acids  or  organic  acids  resulting  from  the  deamination  of  the 
amino  acids.  Benedict  (7)  claims  that  the  ingestion  of  carbohydrates 
increases  oxidation  by  the  formation  of  acid  intermediary  products 
which  stimulate  metabolism.  Voit  (8)  believed  that  the  presence  of  in- 
creased quantities  of  food  materials  augmented  the  inherent  power  of 
the  cells  to  metaboUze,  while  Rubner  contended  that  the  increased  heat 
production  which  follows  the  taking  of  food  was  due  to  heat  developed 
from  intermediary  reactions  and  oxidations  which  were  in  no  way  in- 
volved in  the  life  processes  of  the  cells.  It  may  be  seen  in  this  paper 
that  all  of  the  substances  which  the  different  investigators  found  to  in- 
crease oxidation  also  increased  the  catalase  of  the  blood  and  hence  of 
the  tissues  by  stimulating  the  digestive  glands,  particularly  the  Uver,  to 
an  increased  output  of  this  enzyme.  The  increase  in  oxidation  after 
the  taking  of  food  may  be  due  to  the  increase  in  catalase.  The  fact 
that  when  oxidation  is  increased  in  the  body,  as  for  example,  by  increas- 
ing the  amount  of  work,  by  thyroid  feeding,  by  fighting,  in  the  excite- 
ment stf^  of  anaesthesia,  there  occurs  a  corresponding  increase  in 
catalase  and  that  when  oxidation  is  decreased,  aa  for  example,  by  de- 
creasing the  amount  of  work,  by  starvation,  by  phosphorus  poisoning,  in 
deep  narcosis,  in  "surgical  shock,"  or  rendered  defective  as  in  pancre- 
atic diabetes,  there  results  a  decrease  in  catalase,  would  seem  to  offer 
further  evidence  in  this  direction.  It  may  be  mentioned  in  this  con- 
nection that  we  have  found  that  when  heat  production  was  raised  to 
higher  levels  by  the  ingestion  of  larger  quantities  of  meat  as  observed 
by  Rubner  (9),  there  occurred  a  corresponding  increase  in  catalase. 
The  catalase  content  of  the  blood  of  a  poorly  fed  dog  was  also  found  to 
He  increased  by  feeding  the  animal  well  with  the  ordinary  food  mate- 
rials.    It  was  also  found  that  there  was  an  increase  in  the  catalase  of 
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the  blood  during  moderate  exercise  while  there  was  a  decrease  during 
very  severe  exercise  and  fatipie.  During  the  period  of  recovery 
from  fatigue  the  catalase  rose  to  the  nonnal  amouDt.  If  catalase  is 
the  enzyme  principally  responsible  for  oxidation  in  the  body,  it  may  be 
that  the  decrease  in  catalaw  with  resulting  decrease  in  oxidation  is  one 
of  the  factors  involved  in  the  production  of  fatigue  and  the  increase  a 
factor  in  the  recovery  from  fatigue.  Of  the  four  or  five  hundred  dogs 
that  have  been  used  in  connection  with  our  work  on  catalase  during  the 
past  three  years,  we  have  observed  that  the  catalase  of  the  blood  of 
lively,  energetic  dogs  is  almost  invariably  high  while  that  of  less  ener- 
getic dogs  is  lower.  As  a  rule  one  can  pick  out  the  dogs  of  high  cata- 
lase on  the  basis  of  liveliness.  The  amount  of  oxygen  liberated  from 
hydrogen  peroxide  by  the  blood  of  sluggish  dogs  rarely  exceeds  30  or 
40  CO.  and  may  be  as  low  as  10  cc.  in  certain  very  sluggish  dogs,  while 
the  amount  liberated  by  the  blood  of  lively  dogs  rarely  falls  below  70  or 
80  cc.  and  may  be  as  high  as  175  cc.  in  certain  very  active  animals. 


The  increase  in  oxidation  following  the  ingestion  of  food  Is  attribu- 
ted to  the  increase  in  catalase  producetl  by  the  stimulation  of  the  diges- 
tive glands,  particularly  the  liver,  to  an  increased  output  of  this  en- 
symc.  The  glycerine  radical  of  the  fat  molecule  is  responsible  for  the 
stimulating  effect  uf  the  fattt;  the  end  products  of  protein  digeiition, 
prfutumably  the  amino  aciila,  fur  the  stimulating  effect  of  meat;  and 
the  simple  sugars  for  the  stimulating  effect  of  the  starchy  foods. 
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In  connection  with  metabolism  experiments  recently  reported  (1), 
(2),  it  has  been  possible  to  secure  data  upon  the  losses  of  nitrogen, 
phosphorus,  calcium  and  iron  in  the  menstrual  flow.  The  results  may 
be  of  interest  to  readers  of  this  Journal  in  connection  with  the  studies 
on  the  "periodic  cardiovascular  and  temperature  variations  in  women" 
published  by  King  (3). 

King's  results  show  slight  but  irregular  changes  in  temperature, 
pulse  and  blood  pressure  previous  to  and  during  the  menstrual  period 
although  the  changes  throughout  the  mont^i  are  often  as  marked  as 
those  at  the  menstrual  period.  She  feels  however  that  there  is  con- 
siderable consistency  in  the  variation  at  this  period  so  that  her  conclu- 
sion is  that  there  is  a  slight  but  periodic  movement  in  the  physiological 
processes  of  women. 

In  the  experiments  referred  to  in  this  paper  the  subjects  were  healthy 
women  who  were  working  in  the  laboratory  from  ten  to  twelve  hours  a 
day.  The  main  object  of  the  experiments  and  the  details  with  regard 
to  diet  have  been  carefully  described  in  the  papers  referred  to  above. 
In  general  the  object  was  to  ascertain  whether  the  calcium  and  phos- 
phorus requirements  of  woman  differed  materially  from  those  of  men. 
The  diet  of  each  subject  was  uniform  from  day  to  day  and  the  daily 
intake  and  output  for  nitrogen,  calcium  and  phosphorus  were  deter- 
mined by  analysis.  The  menstrual  flow  was  collected  on  absorbent 
cotton,  extracted  frequently  in  tepid  distilled  water  and  the  separate 
extractions  preserved  as  one  sample.  The  volume  was  kept  as  small 
as  possible — usually  below  2000  cc. — and  the  sample  was  preserved 
with  thymol.  At  the  end  of  the  period  samples  of  the  solution  and 
the  used  cotton  were  analyzed  for  nitrogen,  calcium  and  phosphorus. 
Samples  of  the  unused  cotton  were  also  analyzed  and  the  amounts  of 
nitrogen,  calcium  and  phosphorus  found  in  this  material  deducted  from 


dbyGOOglC 


26  L.  II.  oiLLerr,  h.  wheeler  and  a.  b.  tateu 

the  amount  in  the  used  cotton.     The  resulta  are  shown  in  the  followinK 
table: 

TABLE  I 

Xilrofftn,   pkoipkoTui  ami  calrium  output  in  the  mtmlruat  fiute.     Thttt  retultt 

compared  trilli  Ihr  errragt  lolai  daily  output  for  the  *ame  period 


I  ....... 


'  Pb»    (-*;-  ' 


The  total  amount  of  calcium  and  phonphonis  loet  through  the  men- 
stnud  flow  as  shown  by  the  above  table  is  small,  and  while  the  h*nrtling 
of  the  sample  is  Deceaearily  crude,  the  figures  are  at  least  suggestive 
that  there  is  not  a  large  loss  of  either  of  these  elements  at  the  monthly 
period.  The  nitrt^o  loss  is  larger  than  that  of  either  the  calcium  or 
the  phoephonu  but  when  viewed  in  the  light  of  the  total  output  for 
the  month  is  not  very  significant. 

Id  experiment  2  for  subject  K  and  in  experiment  1  for  each  of  sub* 
jects  M  and  N  iron  was  determinec]  on  the  sample  with  34,  38  and  42 
mgm.  of  iron  respectively  for  the  menstrual  period  of  each  of  these 
three  experiments.  When  viewed  in  the  light  of  the  standard  for  daily 
requirement  of  iron  (from  10  to  15  mgmx.),  the  low  of  iron  at  this  period 
is  probably  an  important  factor  and  shoul<l  l>e  considered  by  women  in 
choosing  their  <lai]y  diet.  The  low  of  iron  then  oeemcd  to  be  more 
significant  than  any  of  the  other  elemenlti  invetttigated. 

A  study  of  the  daily  output  of  thcw'six  experiments  (1),  (2)  seems 
to  give  very  little  basis  for  diHcUMiing  nitrogen  retention  either  previous 
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to  or  during  the  menstrual  period.  In  experiment  1,  for  subject  K 
there  was  a  noticeable  retention  of  both  nitrogen  and  calcium  on  the 
first  day  of  the  period.  The  output  of  nitrogen  for  the  day  preceding 
the  period,  for  the  four  days  of  the  period  and  for  the  day  following  the 
period  is  as  follows:  8.S4,  7.00,  9.49,  8.47,  8.80  and  8.08 grams  respec- 
tively. On  only  two  other  days  during  the  month  did  the  nitrogen  out- 
put fall  below  8.00  grams,  the  lowest  of  these  being  7.48  grams  for  the 
second  day  of  the  experiment.  The  average  daily  output  for  the 
month  was  8.72  grams.  This  is  the  only  experiment  which  shows  a 
definite  nitrogen  retention  at  the  beginning  of  the  menstrual  period . 

In  two  of  the  six  experiments  the  menstrual  period  was  so  near  the 
beginning  of  the  experiment  that  the  output  may  have  been  influenced 
by  the  previous  diet.  In  the  three  remaining  experiments  the  nitro- 
gen output  for  the  first  day  of  the  period  or  of  the  preceding  day  was 
only  slightly  lower  than  for  the  few  days  previous,  making  a  difference 
so  small  as  to  come  within  the  range  of  experimental  error  and  since 
there  were  several  other  isolated  days  throi^bout  the  month  when 
the  output  was  as  low  or  lower  than  the  output  for  this  day  it  would  be 
impossible  to  say  definitely  that  there  was  a  regular  retention  at  this 
period.  Experiments  covering  more  than  one  menstrual  period  with 
several  subjects  wouH  be  required  before  definite  conclusions  could  be 
drawn. 

These  results  show  as  did  those  of  King  that  there  are  as  great  varia- 
tions during  the  intermenstrual  periods  as  at  the  period  itself  and  that 
the  tendency  to  a  variation  at  the  menstrual  period  is  slight 

To  compensate  however  for  the  diminished  urinary  nitrogen  excre- 
tion at  the  beginningof  the  menstrual  period  as  previously  observed  (4), 
(6),  there  is  the  extra  output  of  nitrogen  in  the  menstrual  flow.  It  con- 
tains from  l.S  to  3.0  grams  of  nitrogen  for  the  period,  or  an  average  of 
0.3  to  0.6  gram  per  day  during  the  period,  which  is  equivalent  to  0.05 
to  0.1  gram  per  day  for  the  month. 

Of  phosphorus  and  calcium  the  amounts  lost  through  the  menstrual 
flow  were  only  about  0.03  to  0.06  gram  and  0.01  to  0.02  gram  respec- 
tively for  the  period — quantities  which  are  smaller  than  the  chance 
variations  in  the  output  from  day  to  day. 

The  data  therefore  show  that  there  is  no  pronounced  periodicity  in 
the  output  of  phosphorus  and  calcium  and  that  the  amounts  of  these 
elements  lost  in  menstruation  are  not  sufficient  to  make  the  nutritive 
requirements  of  women  for  these  elements  materially  different  from 
those  of  men  of  the  same  weight.  The  figures  for  iron  however  may 
indicate  a  more  significant  difference. 
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DeteraiinatioDs  of  muscular  strength  in  human  beings  by  means  of 
dynamometeTS  have  been  made  in  large  numbers  by  numerous  investi- 
gators in  coimection  with  various  problems  (1).  Among  the  problems 
BO  approached  may  be  mentioned  studies  of  fatigue  (2)  and  of  rela- 
tionship between  physical  strength  and  inteUigence  (3).  The  favorite 
instrument  in  these  studies  has  been  the  grip  dynamometer,  either  the 
old  form  of  ColUn  or  the  improved  type  designed  by  Smedley  (1).  In 
spite  of  the  objections  that  have  been  urged  against  the  grip  dyna- 
mometer as  an  instrument  of  research,  much  valuable  information  has 
been  obtained  with  its  aid  (1).  It  presents,  however,  the  undoubted 
shortcoming  of  making  use  of  one  of  the  most  complex  musculatures  of 
the  body  and  a  musculature,  moreover,  which  receives  much  special 
training.  The  question  may  properly  be  raised  whether  the  strength 
of  the  grip  truly  represents  general  bodily  strength  or  whether  this  par- 
ticular musculature  may  not  reflect  special  conditions  to  an  exceptional 
degree.  A  test  of  strength,  to  be  quite  satisfactory,  should  afford  in- 
formation of  the  strength  of  the  body  as  a  whole.  Ideally  it  should 
include  all  the  important  muscle-groups;  practically  a  strei^th  test  is 
valid  if  proof  can  be  furnished  that  it  constitutes  a  fair  sampleof  the  entire 
strength. 

The  system  of  muscle-t«8ting  in  course  of  presentation  in  the  series 
of  papers  of  which  this  is  the  second  (4)  differs  from  the  systems  previ- 
oualy  proposed  in  the  fundamental  fact  that  it  measures  "breaking 
etrength"  of  muscles,  namely,  the  force  required  to  overcome  maximal 
resistance  rather  than  the  utmost  positive  effort,  as  in  other  methods. 
Which  system  is  better  can  be  determined  finally  only  by  continued 
experience  and  comparison.    Certain  advantageous  features  of  the 
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prciteiit  xyHtcm  may  l>c  mentioned.  As  a  routine  feature  of  the  Ipet 
the  flubject  is  requiretl  to  develop  resistance  at  the  command  "hold 
back"  uttere<i  sharply.  We  find  that  under  this  Htimulus  the  maximum 
eflTort  is  eheited,  atmoRt  as  a  reflex.     Only  by  deliberate  planningon  the 


Avtraft  ptrrentage  diilrihution  of  itrenflh  among  the  mutrlri,  adull  maltii.    For 
cotnpariton  Ihr  diitrihutinH  for  rhiUren  of  IS  to  18  yean  it  giren  al$o 


-r«..o«r. 

•eClT  MtUB 

11  TO    I*  TBUM 

Fctt 

Ptaiitsr  flexion. ...            

Doreal  flpxion 

iDveraioo 

Everaioa 

Thigki 

Adduction...              

Abduction 

I.xtenwon 

FItxon 

KnMl 

10.00 
2.85 
1.90 
1-80 

ISO 
1  40 

3.70 
3.30 

3.30 
1.75 

2.85 
1.70 
2.10 
1.40 

ISO 
2-25 

1-OS 
1.35 

O.M 
2. OS 

l.» 

030 
3.20 
2.10 

2.00 

1  55 
I  SO 
3,00 

3.10 

Flexion 

PeetordU 

1.70 
2.10 

Anterior  deltoid 

Eitenaion 

3.00 
1.50 

1.00 
3  SO 

H'n«M 

Exl«naio& 

Flexion 

Fingtrt 

Flexion 

ThumhM 

Adduction 

1.35 
1  M 

0.70 
2.75 

1.40 

part  of  the  subject  wilt  lesii  than  his  best  effort  be  put  forth.  Tbua  ao 
element  of  reliability  is  introduced,  which  is  of  the  highest  importance. 
As  a  matter  of  fart  the  deUlierate  attempt  to  make  an  ioferior  showing 
is  instantly  re\-ealed  in  the  changed  character  of  the  response.  Since 
the  spring  balance  with  which  the  strength  is  determined  is  held  in  the 
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hands  of  the  operator,  the  line  of  pull  can  be  rectified  in  accordance  with 
the  position  of  the  subject.  The  maintenance  of  correct  lines  of  pull  is 
of  course  essential  to  the  validity  of  any  system  of  strength-testing. 
The  promptness  with  which  the  correct  position  can  be  taken  is  a  feature 
of  this  method  which  becomes  valuable  as  a  saver  of  time  when  large 
series  of  tests  are  being  carried  on. 

The  muscle-test.  The  system  of  muscle-testing  as  originally  developed 
is  described  elsewhere  (5).  The  list  of  muscles  included  in  the  complete 
test  is  set  down  in  table  1.  For  the  series  of  tests  on  adults  on  which  this 
paper  is  based  certain  muscle-groups  were  regularly  omitted.  These 
were  a,  the  plantar  flexors,  which  are  so  strong  in  adults  as  to  make 
their  testing  a  matter  of  inconvenience,  since  a  lever  has  to  be  arranged 
for  multiplying  the  force  of  the  spring-balance  puU;  b,  the  finger  exten- 
sors, which  were  omitted  because  their  short  leverage  requires  the  sub- 
stitution of  a  special  narrow  sling  for  the  full-width  sling  used  with  the 
other  muscle-groups,  a  time  consuming  substitution,  and  in  this  par- 
ticular series  the  saving  of  time  was  an  important  consideration.  Tests 
of  finger  flexors  were  made  on  only  part  of  the  subjects.  Here  the 
short  leverage,  together  with  the  great  strength,  marks  the  group  as  less 
satisfactory  than  most  of  the  others.  Tests  of  the  wrist  flexors  were 
omitted  from  part  of  the  early  subjects  on  account  of  a  fear,  found 
later  to  be  unjustified,  that  testing  them  might  give  discomfort. 

8id}jectB.  The  adults  te8t«d  were  students  or  instructors  in  this 
University.  For  assistance  in  obtaining  the  cooperation  of  these  indi- 
viduals we  are  indebted  to  the  Department  of  Military  Training  of 
Stanford  University,  for  whose  courtesy  we  wish  to  express  our  thanks. 
In  addition  to  the  fifty  adult  males  on  whom  the  report  is  primarily 
based,  we  had  access  to  the  records  of  an  equal  number  of  adult  females 
tested  by  Doctor  Mosher  and  one  of  us  (6).  There  were  also  available 
the  records  of  fifteen  adults  from  the  series  of  infantile  paralysis  cases 
reported  in  a  former  paper  (4),  and  more  than  a  hundred  "short" 
teste  (p.  34)  made  from  time  to  time  as  opportunity  offered.  In  many 
cases  duplicate  records  were  made  at  least  eight  hours  apart;  about  one- 
fourth  of  the  subjects  were  tested  five  or  more  times. 

Object  of  the  experiments.  Our  object  in  these  experiments  was  in 
part  the  establishing  for  adults  of  the  constants  previously  worked  out 
for  children  (4).  In  addition  to  this,  however,  we  had  in  mind  the  pos- 
sibility that  this  system  of  testing  might  offer  certain  advantages  for 
the  routine  detemunation  of  strength  provided  it  could  be  shown  to  be 
scientifically  reliable  and  practical  in  application. 
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The  complelo  tent,  as  outlinecl  in  tabic  1,  can  warccly  be  rarriccl 
throufch  in  less  than  a  half-hour.  Clearly,  for  practical  putpofm,  Rome 
abbreviation  is  highly  desirable.  A  feasible  method  of  abbreviation 
would  be  to  make  actual  determinations  of  streuKth  of  a  few  muM-le- 


C<fffici 


TABLE  1 


Intnl  ttrtngih.  St  adulu 


Fttl 

Pluitar  flexion 

Doraat  fli>xioR. . 

iDveraion . .    . 

Evcraion 

Thigha 

Adduction.. 

.Abduction.. 

Kit«niioB  

Flexion  ... 


Flexion 
Shoulder* 

pM-torall« 

Lktiiaimua  dorai 

Anterior  deltoid  . . 

Po«t«rior  deltoid 
Fortarmt 

KxtcnBJun  . . 

nciion 
WrifU 

Ext<>niion 

KIrxion.. 


0  71 

0  RI.1 

0  HK.^ 
0  03 
0  89 

0  S3 


0.73 
0  77 
0  .W 


0  83 

O.M 

066 

0.81 

0.89 

0  87 

0.875 

Addurlioi 


0  47 
0  W) 


O.fiO 

0  ;h 


(iTOUpit  only  and  to  eonipute  from  thetw  the  total  xtreiiKth.  Tlint  ••iieh 
a  methtKl  w  valid  in  mijoccsKxI  in  a  former  paper  (Martin:  lor,  rit.,  p. 
72).  Our  lAfk  here  in  to  verify  the  vnlidity  of  this  idea  and  to  examine 
the  different  muwle-irniu[w  individtinlly  lo  we*-  which  nhould  t»e  inrhidwl 
in  the  ahbrevialetl  te^t .     Since  the  firyt  criterion  of  an  al>lireviat»>«l  t<«t 
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muBt  be  its  reliability,  namely,  the  showing  that  it  repreaents  fairly  the 
total  Btrength,  the  muacles  selected  for  inclusion  should  be  those  that 
show  the  highest  correlation  of  individual  strength  with  the  toial 
strength,  provided  the  muscles  are  found  to  differ  in  this  regard. 

For  comparing  the  strength  of  individual  muscles  with  the  total 
strength  of  the  body  we  used  a  series  of  fifty-six  cases  on  which  complete 
tests  (except  of  plantar  flexors  and  finger  extensors,  as  noted  above) 
had  been  made.  Records  of  wrist  flexion  and  of  finger  flexion  were 
missing  also  from  a  part  of  the  cases.  These  cases  were  tabulated  and 
the  Pearson  coefficient  of  correlation  of  each  muscle  with  the  total 
strength  calculated.  The  results  are  set  down  in  table  2.  Inspection 
of  this  table  shows  that  the  muscles  vary  among  themselves  in  the  extent 
to  which  their  individual  strength  [tends  to  bear  a  fixed  relation  to  the 
total  strength.  There  are  ten  pairs  in  which  the  correlation  of  each 
muscle  of  the  pair  with  the  total  strength  is  above  0.80,  with  a  probable  - 
error  of  not  to  exceed  ^0.032.  Evidently  a  short  test  will  be  most 
reliable  if  selected  from  among  these  ten  pairs  of  muscle-groups.  Inci- 
dentally it  may  be  noted  that  the  lowest  coefficients  of  correlation  in 
the  entire  series  were  given  by  the  finger  flexors,  which  are  the  muscles 
used  in  tests  of  strength  with  grip  dynamometers.  It  is  probable  that 
these  coefficients  are  lower  than  would  be  given  by  tests  taken  with  per- 
fected instruments  of  the  Smedley  type,  but  the  fact  wliich  seems  to 
be  generally  true,  to  judge  from  table  2,  that  the  muscle-groups  with 
short  leverage  correlate  less  closely  than  do  those  with  long  leverage, 
indicates  that  the  original  selection  of  the  grip  as  a  criterion  of  bodily 
strength  was  perhaps  unfortunate. 

In  making  selection  for  a  short  test  from  among  the  ten  pairs  of 
muscle-groups  whose  correlations  with  total  strength  are  satisfactorily 
high,  the  determining  criterion  would  seem  to  be  altc^tber  that  of 
suitableness  for  the  practical  procedure  of  the  test.  The  application 
of  this  criterion  narrows  at  once  the  range  of  selection.  Thus  hip  ex- 
tensors, hip  flexors  and  knee  extensors,  although  correlating  well  with 
total  strength,  are  undesirable  from  the  practical  standpoint  because 
they  are  very  strong  muscles,  requiring  often  a  tension  of  two  hundred 
pounds  or  more  to  overcome  their  resistance,  and  the  great  labor 
involved  in  developing  this  high  tension  repeatedly  is  likely  to  prove 
too  exhausting  to  the  giver  of  the  teste.  The  knee  flexors  are  among  the 
most  satisfactory  muscles  tested  on  children,  but  with  adults  they  are 
likely  to  cramp  when  contracted  forcibly,  a  fact  which  constitutes  a 
valid  objection  to  their  use  in  a  routine  test.    There  remain  in  the 
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avaiUble  list  six  pairs  of  miucle-groupe,  three  oo  the  legs:  domBexora 
of  the  foot,  adductors  of  the  thigh,  abductors  of  the  thi^ ;  and  three  on 
the  anna:  pectorals,  exteosors  of  the  forearm,  flexois  of  the  forearm. 
Minor  considerations  suggest  the  elimination  from  the  short  test  of 
the  dorsiflexors  of  the  foot  and  the  extensors  of  the  forearm:  the  first 
because  removal  of  the  shoe  would  be  necMsary,  the  second  because 
testing  of  the  foreann  extenson  involves  a  d^ree  of  care  in  placing  the 
parts  in  position  which  militates  against  speed  in  carrying  out  the  test. 
With  the  idea  that  the  test  might  be  found  available  in  industrial  stud- 
ies we  have  striven  to  reduce  the  time  required  to  the  least  possible 
figure.  The  four  pairs  of  muscle-groups  now  included  in  the  list  are  the 
adductors  and  abductors  of  the  thi^,  the  pectorals  and  the  flexors  of 
the  foreann.  Without  any  real  justification  but  merely  from  a  feeling 
that  the  muscles  which  move  the  band  ought  to  have  representation  in 
the  short  test,  we  added  originally  to  this  list  the  flexors  of  the  wrist. 
Additional  experience  has  convinced  us,  however,  that  the  added  in- 
formation thus  obtained  is  not  of  sufficient  importance  to  justify  the 
additional  time  consumed  in  testing  the  wrist  muscles;  we  omit  them, 
therefore,  from  our  standard  short  test  as  here  propoeed. 

For  the  sake  of  completeness,  and  also  in  order  that  simple  direo- 
tioDS  may  be  readily  available,  the  technique  of  the  short  teat  is  here 
outlined. 

Apparaltu  raqmrtd.  An  ordinary  flkt^Me  •priaf-btljuiee  with  a  maI*  upM- 
U,j  <AVKi  pound*  by  2  pounds,  «quipped  witb  «  Mlf-refiatflriof  index.  (Then 
are  acalM  on  tha  market  wittiaalf-r«KUl«ring  indloea  but  these  are  heavier  than 
dMirable.  We  have  found  it  aatiafaotory  to  Bt  up  an  ordinary  ioale  in  oarow* 
•hop  with  aaimpledeTiee.)  A  atout  wood  handle  ia  attaebed  by  a  swive)  to  Iba 
upper  end  of  the  acale,  and  a  loop  of  stout  leather  1  \  ioeh  wide  and  30  inches  in 
elroumferenoa  is  attached  by  another  swivel  to  thp  lower  and  <d  the  balance. 

A  stout  table  0}  feet  loo(  and  3)  feet  wide,  with  a  cleat  secured  firmly  across 
one  end.  AcuaUononwhieh  the  eubieet'eheadmayreatabould  be  provided  with 
this  table. 

An  npricht  post  A  inches  square  and  at  least  <4  feet  hich.  ao  placed  that  it  ia 
surrounded  on  at  least  three  sides  by  ample  apace.  Some  fora  of  hand-hold  is 
proTided  by  which  the  subject  may  steady  himaelf  as  he  Iraoa  asaiust  the  poet. 
(A  knotted  rope  tied  to  aconreaieot  ring  near  by  aaswera  well  for  this  hand-hold.) 

Prottdvrt:  O^Htral  xnalnieH^ru.  The  individual  to  be  tested  is  referred  (o  as 
the  subject.    The  persons  ipviii|[  the  tast  are:  first,  the  adjustor;  stcond,  Iba 

Tbeduticsof  the  adjustor  are  to  place  the  loop  in  the  asaigaed  position  aliuut 
the  arm  or  Icr,  support  it  there  with  one  hand  and,  if  nrreaaary,  Ibr  arm  or  leg 
of  the  subjpct  with  the  oihrr.  llv  gives  thv  command  "hold  back"  ta") ark  the 
brgianing  of  the  pull,  and  "stop"  to  mark  the  end. 
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The  Operator  has  the  handle  of  the  balance  in  his  right  hand  and^the  body 
of  the  balanee  in  bis  left. 

Aft«r  the  loop  is  adjiutnd  the  adjuator  gives  the  command  "holdback."  At 
this  commaad  the  subjdet  contracts  with  all  hia  pcnrer  the  muBcle-sroup  being 
tested  and  simultaneoiuly  the  operator  pulls  upon  the  spring-balance.  Tension 
must  be  developed  ae  rapidly  as  possible  without  jerking,  and  must  be  increased 
until  the  resistance  of  the  subject  is  actually  overcome.  At  the  command  "stop" 
the  pull  is  diaoontiuued  immediately.  Tbe  scale  is  read  at  once  and  the  reading 
recorded  by  the  assisting  clerk.  The  sliding  indicator  of  the  scale  must  always 
be  returned  to  the  >ero  position  immediately. 

Test«  are  taken  with  the  subject  fully  dressed. 

Muscle-groups  that  are  reported  by  the  subject  to  be  sore  are  not  tested. 

CtUeidaUon  of  total  atrenglk.  The  sum  of  the  strengths  shows  by  the  individual 
muscles  included  in  the  short  test  constitutes  15  per  centof  the  entire  strength 
as  found  by  the  complete  test  (see  table  1).  To  calculate  the  entire  strength, 
therefore,  the  sum  of  these  determined  strengths  must  be  multiplied  by  the  re- 
ciprocal of  O.lfi,  which  is  6.87.  The  product  thus  obtained  is  the  figure  for  the 
strength  of  the  subject.  If  for  any  reason  any  muscle-group  was  omitted  from 
the  teat,  assume  the  strength  of  the  omitted  muscle  to  be  the  ^ame  as  that  of  the 
corresponding  muscle  on  the  other  aide. 

Detailed  techniqut  of  tht  lt»tt.  a.  PtctoraU.  The  subject  stands  at  attention 
with  the  middle  of  his  back  pressed  firmly  against  the  upright  post  and  the  hand 
of  the  arm  not  being  tested  grasping  the  hand-hold.  The  arm  to  be  tested  is 
allowed  tobe  limpin  the  hands  of  the  adjustor  until  the  command  "holdback," 
with  which  command  the  pectoral  muscles  are  contracted  as  strongly  as  possible. 
The  adjustor  stands  directly  in  front  of  tbe  subject,  facing  him;  places  the  loop  of 
the  balance  about  the  arm  to  be  tested,  just  above  the  elbow;  with  one  hand 
he  holds  the  loop  in  position  and  grasps  lightly  the  subject's  hand  or  wrist  with 
his  other  hand.  Keeping  the  stibjeot's  arm  straight,  the  adjustor  draws  it  acrow 
the  subject's  body  as  far  as  possible,  keeping  it  as  close  to  the  body  as  can  be 
done  and  still  give  clearance  for  the  loop.  At  the  command  "hold  back"  the 
subject's  effort  is  to  hold  the  arm  from  being  drawn  backward  and  downward  from 
this  position.  The  operator,  standing  at  the  subject's  side,  holds  the  balance  in 
a  line  downward  and  backward  from  tbe  subject's  elbow  in  such  a  position  that 
the  arm  as  drawn  back  will  just  clearthesubject'sbody.  Attheoommand  "hold 
back"  the  operator  develops  sufiicient  tension  to  draw  the  arm  down  to  the  side 
of  the  body.  The  command  "stop"  must  be  given  and  the  pulling  discontinued 
before  the  arm  has  been  drawn  beyond  the  vertical  line. 

h.  Forearm  flexort.  The  subject  lies  on  his  back  on  the  table  with  his  heels 
pressed  firmly  against  the  cleat.  The  adjuator  stands  at  the  subject's  left  for 
both  flexors.  His  right  hand  holds  the  subject's  elbow  to  the  table;  his  left  hand 
brings  the  subject's  forearm  into  a  position  of  flexion  about  15  degrees  toward  the 
shoulder  from  the  vertical,  and  adjusts  the  loop  about  the  wrist  so  that  its  upper 
edge  is  at  the  crease  in  the  akin  at  the  base  of  the  hand.  The  operator  stands  at 
the  foot  of  the  table ;  he  develops  tension  at  the  word  of  command.  The  command 
"stop"  should  be  given  when  the  forearm  reaches  the  vertical. 

e.  Thigh  adduclore.  Position  of  the  subject  same  as  in  the  above  test  except 
that  he  presses  against  the  cleat  only  with  the  foot  of  the  leg  that  is  not  to  be 
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tMt«d.  llammr«t«>d)'himMl(b)rsrupiiiKtheedgMof  the  table.  Tbeadjuator 
■taadt  at  tb«  foot  of  the  table;  with  one  hand  he  places  the  loop  in  the  hollow 
juat  above  themalleoliu  {an  equally  comet  index  ia  to  have  the  loop  juat  clear  of 
the  top  of  an  ordinary  man'i  ahoe);  he  aeiaea  the  subject's  heel  with  the  other 
hand;  liTls  tbe  leg  until  the  heel  is  juat  hi|h  enough  to  clear  the  other  toe,  and 
then  draws  tbe  leg  into  extreme  adduction.  The  toe  of  the  leg  to  be  tested  must 
be  kept  vertical.  Tbe  operator  stsnds  at  the  side  of  the  table  and  develops  ten- 
slon  at  the  word  at  command.  The  command  "stop"  should  b«  given  as  soon  as 
the  leg  is  drawn  into  line  with  tbe  axis  of  the  body. 

d.  Thigh  ahdticlOT»,  The  position  of  the  subiect  and  of  the  adjustor  is  the 
same  as  in  the  above  test.  The  loop  is  placed  as  for  the  adductors  ezoept  that 
the  direction  erf  pull  is  opposite.  The  leg  to  be  tested  is  drawn  out  IS  degrees  be- 
yond the  line  of  the  body;  the  effort  of  the  subject  st  the  command  "bold  back" 
is  to  prevent  the  operator  from  drawing  the  leg  into  line  with  the  body.  The 
Mounaad  "stop"  is  given  jnat  as  the  leg  reachee  the  midline. 

Tbe  most  conveniant  order  for  the  teats  is  as  follows: 

Right  pectoral 
Uft  pectoral 
Right  foroann  flexor 
Left  forearm  flexor 
Right  thigh  adductor 
Left  thigh  abductor 
Right  thigh  abductor 
Left  thi^  adductOT 

Althougb  the  satisfactory  giving  of  the  tent  requim  careful  training 
and  considerable  practice  on  the  part  of  operator  and  adjustor,  the 
demands  upon  the  subject  are  not  great.  We  have  made  succemful 
tests  upon  subjects  with  a  very  limited  knowledge  of  English  and 
only  ordinaiy  intelligence.  Much  time  can  be  saved  by  letting  sub- 
ject* not  yet  tested  see  the  test  carried  out  on  others.  In  this  way  they 
learn  what  is  expected  of  them  and  carry  out  their  part  prtHnplly 
when  their  turn  ctunes.  A  few  seconds  over  one  minute  is  usually 
enough  time  for  eanying  out  a  short  test. 

Certain  relationships  which  ran  readily  be  carried  in  mind  are  help- 
ful in  connection  with  the  making  uf  tests,  especially  where  there  is 
suqiicion  of  malingering.  Thus,  as  table  1  shows,  pectorals  and  fore- 
arm Bexora  are  of  nearly  equal  strength,  as  are  tbif^  adductors  and  ab- 
ductors, and  the  former  groups  are  slightly  less  than  twice  as  strong  as 
the  latter.  In  men  of  ordinary  strength  pectoral  and  forearm  flexon 
are  likely  to  range  between  75  and  100  pounds,  and  thigh  addurtorv 
and  abductors  between  40  and  60  pounds.  Of  fifty-five  adult  maW 
selected  at  random,  80  per  cent  of  tbe  muscles  of  the  short  UfX  (ell 
within  these  limits. 
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That  the  propoeed  ehort  teet  is  practicable  we  believe  these  observa- 
tions dempostrate.  That  it  gives  a  reliable  picture  of  the  entire  strength 
can  reasonably  be  assumed  from  the  fact  that  each  individual  muscle- 
group  included  in  the  test  correlates  well  with  the  entire  strength.  One 
would  expect  to  find  that  the  summed  strength  of  these  several  muscle- 
groups  would  correlate  with  the  entire  strength  even  better  than  do 
the  individual  muscle-groups.  That  this  is  the  case  was  shown  by  a 
comparison,  on  the  same  series  of  adults  on  which  the  correlation  of 
individual  muscles  were  worked  out,  of  the  summed  strength  of  the 
muscles  of  the  short  test  with  the  entire  strength.  The  coefficient  of 
correlation  of  this  comparison  was  0.94  ^  0.01.  So  high  a  correlation 
constitutes  sufficient  demonstration  that  the  short  test  is  a  reUable 
indicator  of  the  entire  strength. 

Although  the  expression  "entire  strength"  as  here  used  applies  actu- 
ally only  to  that  part  of  the  strength  represented  by  the  muscle-groupa 
of  the  complete  test  as  outlined  in  table  1,  these  observations  show  that 
in  all  probability  the  real  "entire  strength"  bears  a  fixed  Telationship  to 
the  strength  of  the  muscles  included  in  the  complete  test  and  also,  there- 
fore, to  the  short  test.  The  principle  of  "random  sampling"  applies 
here.  The  muscle-groups  included  in  the  complete  test  constitute  a 
fairly  large  sample  of  the  whole  musculature.  Individual  muscles 
and  small  groups  of  muscles  correlate  well  with  the  summed  strer^h 
of  the  complete-test  (see  above,  also  Martin:  loc.  cit.,  p.  72).  There 
is  no  physiological  or  statistical  principle  that  would  justify  any  other 
assumption  than  that  the  muscle-groupa  not  included  in  the  complete 
test  correlate  equally  well  with  it  and  with  each  other. 

Mttscutar  symmetry.  In  the  first  i>aper  of  this  series  (4)  the  distri- 
bution of  strength  among  the  muscles  of  the  body  in  children  was 
shown  to  vary  somewhat  with  age  so  that  three  distinct  age-groups 
could  be  established  (loc.  cit.,  p.<  71).  The  symmetry  of  individuals  was 
shown  to  deviate  from  the  ideals  as  set  down  In  the  table  by  varying 
amounts,  averaging  for  the  entire  series  16.7  per  cent  (loc, cit.,  p.  79, 
table).  Application  of  the  method  there  described  to  the  present 
series  of  adult  males  gives  the  figures  for  percentage  strength  distribu- 
tion that  are  presented  in  table  1  of  this  paper.  These  figures  are  aver- 
ages of  sufficient  data  except  for  plantar  fiexion  and  finger  extension; 
the  observations  on  which  those  values  were  obtained  are  fewer  than 
desirable.  Considerable  errors  in  these  two  values  would  affect  the 
others  of  the  series  only  slightly,  however,  and  it  is  felt  that  they  are 
sufficiently  close  approximations  for  present  purposes. 
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The  deviations  of  iDdividuals  from  ideal  symmetry  are  decidedly  leas 
in  tliis  Beriea  of  adult  males  than  in  the  series  of  children  presented  in 
the  former  p^>er.  The  average  mean  deviation  for  this  series  is  10.7 
as  compared  with  16.7  for  the  former.  In  fact,  the  greatest  deviation 
in  this  series,  a  deviation  of  16.5,  is  less  than  the  average  for  children. 
We  were  quite  unprepared  to  find  adults  more  symmetrical  as  a  class 
than  children  and  are  inclined  to  think  that  we  may  have  happened  upon 
an  exceptionally  symmetrical  group.  Most  of  them  were  college  un- 
dergraduates and  engaged  at  the  time  when  these  tests  were  being 
made  in  intensive  military  training. 

The  rdation  of  atrenDth  to  tceigki.  A  point  on  which  stress  was  laid  in 
the  former  paper  (4)  was  that  the  ratio  of  strength  to  weight  in  chil- 
dren tends  to  be  constant.  That  the  same  would  hold  for  adults  seems 
unlikely,  chiefly  because  so  many  other  factofs  in  addition  to  wei^t  be- 
come operative  in  adults  in  determining  strength.  In  the  former 
paper  (p.  74)  mention  was  made  of  the  fact  that  boys  of  seventeen  and 
eighteen  years  show  higher  strength-weight  ratios  than  do  younger 
boys,  showing  the  beginnings  of  departure  from  the  childish  condition 
and  suggesting  the  incidence  of  additional  factors. 

For  a  study  of  the  relation  of  strength  to  weight  we  had  available 
a  series  of  one  hundred  and  twenty-two  adult  males.  This  included 
our  Stanford  instructors  and  students,  a  few  cases  from  the  infantile 
paralysis  series  mentioned  above,  and  a  number  of  recent  army  recruits 
that  we  were  enabled  to  teat  through  the  courtesy  and  coAperation  of 
varipus  army  officers.  The  group  as  a  whole  would  be  considered  as 
made  up  of  outdoor  men.  The  Stanford  students,  as  previously  noted, 
were  most  of  them  taking  intensive  military  training.  He  weights 
ranged  from  107  to  196  pounds,  averaging  146.6.  The  strengths  ranged 
frmn  2000  to  5800  pounds,  averaging,  in  round  numbers,  3900.  (A 
single  individual,  the  college  strong  man,  weighing  208  pounds,  made  a 
strength  record  of  7600  pounds.  This  is  so  far  in  excess  of  our  other 
records  that  we  do  not  include  it  among  our  averages).  The  ratios  of 
strength  to  wei)^t  ranged  from  19  to  37,  averaging  26.6.  We  are  in- 
clined to  think  that  our  figures  for  average  strength  and  average  strength- 
weight  ratio  are  somewhat  higher  than  they  would  be  for  aitult  males 
in  general. 

As  would  beexpoote<l,  there  is  amo<leratecorreUtion  between  strength 
and  weight,  the  coefficient  fur  this  series  being  0.58  *  O.Ot.  This  ac- 
rords  with  the  familiar  fart  that  on  the  whole  large  men  are  stmnger 
than  small  men.    He  correlation  is  not  close  enough,  however,  to 
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indicate  that  with  adults,  as  with  children,  the  body-weight  is  the  domi- 
nant factor  in  determining  strength.  Whipple  (loc.  cit.,  p.  114)  cites 
observations  of  correlation  between  strength  and  weight,  in  which 
strength  was  tested  by  a  different  method,  with  the  following  results: 
at  Oxford,  coefficient  of  correlation  0.46;  at  Cambridge,  coefficient  of 
correlation  0.56. 

The  significance  of  Ike  atrenglk-^eight  ralio.  Where  two  individuals 
of  equal  weight  differ  widely  in  strength  there  are  evidently  at  least 
four  factors  which  may  have  influence  in  accounting  for  the  difference. 
The  first  of  these  is  actual  amount  of  muscular  tissue.  There  are  un- 
doubtedly considerable  variations  in  the  amounts  of  muscle  substance 
present  in  the  bodies  of  persons  whose  total  weight  is  the  same.  A  sec- 
ond factor  is  bodily  configuration.  It  is  quite  conceivable  that  cer- 
tain configurations  lend  themselves  more  favorably  to  effective  exhi- 
bitions of  muscular  power  than  do  others.  Information  on  this  point 
is  lacking  although  it  should  be  stated  that  in  respect  to  the  factor  of 
height  as  an  element  in  bodily  configuration  we  have  not  been  able  to 
secure  any  evidence  that  it  has  significance.  In  investigating  this 
point  we  grouped  all  our  cases  according  to  weight,  using  group  inter- 
vals of  five  pounds,  and  then  arranged  all  the  members  of  each  group  in 
ascending  order  of  height.  We  then  examined  the  distribution  of  the 
strongest  and  next  strongest  members  of  each  group  with  relation  to 
height,  and  similarly  of  the  weakest  and  next  weakest.  We  found, 
however,  nothing  significant.  One-half  the  strong  were  among  the 
short  men  and  the  other  half  among  the  tall.  Substantially  the  same 
distribution  appeared  also  among  the  weak.  Furthermore,  the  average 
strengths  of  the  short  and  tall  halves  of  each  group  were  virtually  equal. 

A  third  factor  is  muscle-quahty,  and  this  undoubtedly  has  much  to  do 
with  determining  the  strength.  The  fourth  factor  we  may  call,  for 
lack  of  a  better  term,  innervation.  There  can  be  Uttle  doubt  that  indi- 
viduals vary  in  the  extent  to  which  they  are  able,  by  volition,  to  elicit 
muscular  effort.  That  the  usual  manifestations  fall  far  short  of  the 
potential  maximum  is  shown  by  the  familiar  effects  of  excitement,  as 
in  the  "strength  of  desperation."  We  have  been  at  pains  in  the  de- 
velopment of  our  procedure  to  avoid  introducing  the  factor  of  excite^ 
ment.  The  attempt  has  been  to  base  the  showii^  upon  a  maximal 
vohtional  effort  made  rather  as  a  matter  of  routine  than  as  a  feature  of 
competition  or  of  desire  to  establish  a  record.  Our  feehng  has  been 
that  a  maximum  effort  made  in  "  cold  blood"  gives  a  more  uniform,  and 
probably  also  a  truer  picture  of  the  neuro-muscular  power  than  would 
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a  similar  effort  made  under  the  stimulus  of  excitement.  On  the  whole, 
muscle  quality  and  innervation  seem  to  us  the  factors  most  likely  to 
dominate  in  the  detennination  of  strength, and  in  accoidance  with  thii 
view  we  are  inclined  to  interpret  high  strength-weight  ratios  aa  indi- 
cative of  good  muscle-quality  and  good  innervation  and  low  strength- 
weight  ratos  aa  indicative  of  poor  muscle-quaUty  and  poor  innervation. 
Further  investigation  will  be  necessary  before  these  factors  can  be 
separated ;  indeed  it  is  quite  within  the  bounds  of  physiological  possibility 
that  they  are  not  separable;  that  excellence  in  one  feature  is  always  bound 
up  with  excellence  in  the  other  and  vice  versa. 

Pkytical  damUcation,  For  convenience  in  assigning  individuals  to 
cat^tonra  in  accordance  with  their  physical  strength,  some  simple 
scheme  of  claasiScation  is  desirable.  If  our  assumption  is  correct  that 
the  strength-weight  ratio  is  an  index  of  muBclen^uality  and  of  inner- 
vation it  would  suggest  itself  an  a  sound  basis  on  which  to  work  out 
such  a  clasniGcation.  The  limits  of  any  such  classification  must  be 
more  or  less  arbitrary,  at  least  until  sufficient  data  are  accumulated  to 
enable  them  to  be  established  by  reference  to  a  normal  probability 
curve.  If  we  are  correct  in  our  assumption  that  the  averages  of  our 
present  series  are  somewhat  higher  than  would  hold  for  adult  males  in 
general,  the  distribution  of  our  cases  about  their  average  is  not  strictly 
comparable  with  the  true  distribution  for  adult  males.  We  feel  dis- 
posed, therefore,  to  suggest  tentatively  somewhat  lower  limits  for  our 
proposed  classes  than  would  be  indicated  by  our  data  taken  by  them- 
selves. The  limits  of  the  proponed  classes  are  given  in  the  subjoined 
table. 

A mort  thui  30 

B 25.1-30 

V »,l-W 

D I«,l-20 


The  dixlributitin  of  indJvidunU  Jn  our  M-riei*  of  122  is  an  follows: 
cls«s  A,  17  (14  JKT  cent  1;  claw  B,  r>(i  (4«  per  cent);  rhwc  (',  47  (.'W  per 
cent  I ;  class  I),  2  (2  jxt  cent  i ;  claw  K.  none.  Ingcnerel  lemii*  we  would 
say  that  cIumi  A  inrludettext-eplionally  xtrong  men;  claw  R.men  of  more 
than  average  Hln>ngth:  clnw>  <',  men  of  average  mrength:  ciniw  I>,  men 
of  letw  than  avcragr-fitn'ngl!";  andelajid  K.dociiled  weuklingf.  Although 
our  wricB  inrliidc<l,  an'onlioK  lo  thic  clatwificaticm,  no  K  men  an<l  only 
two  I>  men,  we  lliink  it  altoRether  likely  ihst  a  mure  reprtwentative 


Digitized  by  VjOOQIC 


BIUSC70LA8    STRENGTH    AND    MUSCXJI.AR    SYHttETRY    IN   UAN        41 

series,  one  in  which  clerks  and  factory  hands  were  represented,  would 
contain  a  due  proportion  of  D  men  and  a  reduced  percentage  of  A  and 
B  men.  We  are  doubtful  whether  many  healthy  adult  males  will  be 
encountered  whose  strength  is  so  slight  as  to  put  them  into  the  E  class 
although  our  experience  among  the  classes  of  the  population  in  which 
marked  physical  weakness  is  likely  to  prevail  is  practically  nil. 

This  classification,  based  on  the  strength-weight  ratio,  draws  no 
distinction  between  small  men  of  good  quality  and  large  men  of  equally 
good  quality,  although  the  latter  will  obviously  be  actually  much  more 
powerful  than  the  former.  For  the  practical  purpose  of  assigning  men 
to  categories  in  accordance  with  their  ability  to  achieve  it  would  ap- 
pear that  some  modification  of  the  classification  might  well  be  made  in 
which  there  is  recognition  of  the  importance  of  absolute  muscular  power 
as  well  as  of  good  muscle -quality  and  good  innervation.  This  end 
would  be  achieved  if  definite  lower  limits  of  strength  were  assigned 
to  each  class.  Tentatively  we  would  suggest  the  following  limits: 
class  A,  5000  pounds;  class  B,  4000  pounds;  class  C,  3000  pounds;  class 
D,  1600  pounds.  The  practical  effect  of  these  absolute  limits  would 
be  to  require  small  men  to  show  higher  strength-weight  ratios  than  large 
men,  if  they  are  to  be  placed  in  the  higher  classes.  In  no  case  would  we 
reduce  the  limits  suggested,  for  the  strength-weight  ratios  of  the  difi'er- 
ent  classes.  It  would  follow  that  a  man  weighing  distinctly  more  than 
the  average  would  have  to  show  a  strength  well  above  the  lower  abso- 
lute hmit  of  any  given  class  in  order  to  attain  a  strength-weight  ratio 
that  would  admit  him  to  it . 


1.  The  distribution  of  strength  among  the  muscles  in  adult  males  is 
given  (table  1). 

2.  The  correlation  between  the  strength  of  individual  muscles  and 
the  entire  strength  is  given  (table  2). 

3.  Statistical  evidence  is  presented  showing  that  estimations  of  entire 
strength  based  on  actual  determinations  of  the  strength  of  a  few  muscle- 
groups  are  valid. 

4.  Four  pairs  of  muscle -groups:  pectorals,  forearm  flexors,  thigh 
adductors  and  thigh  abductors  are  shown  to  correlate  individually  with 
entire  strength  to  a  satisfactory  degree  and  to  be  also  practically  adapted 
for  testing.  They  are  selected,  therefore,  as  constituting  the  "short" 
test. 

5.  The  technique  of  the  short  test  is  presented  in  detail. 
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6.  The  summed  streogtb  of  the  muscles  of  the  short  t«st  is  shown 
to  correlate  well  with  the  entire  Rlrength,  the  coefGcient  beiog  0.94 
*  0.01. 

7.  The  adult  malra  of  this  aeries  at«  shown  to  have  a  higher  average 
symmetry  than  the  children  of  the  former  series;  (he  average  ia  10.7 
u  compared  with  16.7. 

I  8.  The  ratio  of  strength  to  weight  doeit  not  show  the  tendency  lo  be 
eonstant  in  adult  male*  that  is  seen  in  chiklren.  There  ib,  however,  a 
moderate  correlation  between  strength  and  weight. 

9.  The  factors  influencing  the  strength-weight  ratio  are  discusAcd. 
Ilie  conclusion  is  drawn  that  a  high  ratio  signifiet*  gocHl  muscle-quaiity 
and  good  innervation. 

10.  A  physical  classiGcatioa*  based  primarily  on  the  xtrength-weight 
ratio  but  modified  to  take  some  account  of  actual  strength,  is  proposed. 
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The  regulation  of  breathing  has  occupied  the  attention  of  physiol- 
ogists for  many  years  but  the  work  of  Haldane  and  Priestley  (1)  in  1905 
marks  an  epoch  in  the  development  of  our  knowledge  of  the  subject. 
The  facts  they  presented  at  that  time  seemed  to  indicate  that  the  COi 
of  the  arterial  blood  afforded  the  adequate  stimulus  to  the  respiratory 
center  and  that  breathing  was  so  regulated  as  to  maintain  at  a  constant 
level  the  C0|  pressure  in  the  alveolar  air  and  hence  in  the  arterial  blood. 
It  was  well  known,  however,  at  the  time  this  hypothesis  was  advanced 
that  not  only  COi  but  also  other  acids  excited  the  respiratory  center 
when  they  were  added  to  the  blood.  As  a  result  of  his  perfusion  experi- 
ments on  newborn  rabbits,'  Winterstein  (2)  in  1911  formulated  the 
hypothesis  that  the  blood  Ca  was  responsible  for  the  regulation  of 
breathing.  More  convincing  evidence  for  this  conclusion  was  given  a 
year  later  by  the  work  of  Haaselbalch  and  Lundsgaard  (3).  They 
were  able  to  show  a  definite  relationship  between  C0|  pressure  and 
Ci  in  blood.  The  further  work  of  Hasselbalch  (4)  on  the  effect  of  diet 
showed  that  the  alveolar  COt  pressure  may  be  altered  by  several  milli- 
meters, but  that  the  change  was  in  such  a  direction  as  to  maintain  the 
Cb  of  the  blood  appreciably  normal.  These  results  and  others  led 
Hasselbalch  to  the  conclusion  that  pulmonary  ventilation  is  so  adjusted 
as  to  maintain  the  C^  of  the  blood  constant  and  that  COi  excites  the 
respiratory  center  only  by  virtue  of  its  acting  as  an  acid  when  in 
solution. 

The  work  of  Hasselbalch  and  Lund^aard  was  generally  accepted 
by  the  British  school  of  physiologists  led  by  H^dane  and  it  has  gained 
further  support  by  the  more  recent  clinical  observations  on  the  acid 
intoxications  of  diabetes  and  nephritis.  Indeed  most  of  the  experi- 
mental and  clinical  data  at  present  available  seem  to  substantiate  the 
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hypothesis  that  the  hydrogen  ion  is  the  true  respiratory  hormone. 
A  certain  security  is  given  to  this  view  by  the  nature  of  the  relationship 
between  COj  tension  and  C,  in  blood.  In  the  intact  animal  it  is  diffi- 
cult to  elicit  evidence  in  favor  of  the  specificity  of  CO*  which  might 
not  also  be  attributed  to  the  Cg.  To  circumvent  this  obstacle,  highly 
artificial  methods  such  as  perfusion  experiments  have  been  employed 
by  the  few  investigators  who  have  attempted  to  show  that  COi  might 
act  as  a  specific  respiratory  hormone.  Lacqueur  and  Versar  (5), 
using  Winterstfin's  original  method  of  perfusing  young  rabbits,  ob- 
tained some  evidence  in  support  of  this  view  but  their  results  have  not 
been  accepted.  More  recently  Hooker  (6)  and  bis  collaborators,  by 
perfusing  the  isolated  medulla  of  dogs,  have  found  (hat  bloods  of  a 
certain  C,  with  a  high  COi  tension  excite  the  respiratory  center  more 
than  blood  of  the  same  C,  containing  HCl  with  a  low  tension  of  C0|. 
The  question  naturally  arises  whether  or  not  the  results  found  with  the 
very  artificial  preparation  which  these  workers  used  would  correspond 
to  those  obtained  in  the  intact  animal,  in  which  the  various  tissues  are 
concerned  with  the  maintenance  of  the  normal  acid-base  equilibrium 
of  the  body  fluids.  Also  the  criticism  might  be  made  that  the  Ca  of 
the  perfusate  should  be  detennined  after  the  perfusion  as  well  as  before 
it.  In  spite  of  these  objections  the  observations  of  Hooker  are  sugges- 
tive and  correspond  in  a  general  way  with  the  results  reported  in  this 
paper. 

At  the  present  time  there  are  many  facts  indicating  that  one  of  the 
important  functions  of  respiration  is  to  maintain  at  a  constant  level 

the  ™t'o(~7;'^,;  land  hence  the  C,  of  the  blood.  Any  change  to  the 
acid  nide  stimulatcH  rc!<piration.  The  tension  of  CO)  during  its  excre- 
tion is  varied,  which  nerves  as  a  very  delicate  mrchanixtn  lo  regulate 
the  reaction  of  the  bloo<l.  So  far  as  this  function  of  the  rccpiratory 
center  is  conremtHl  there  is  no  doubt.  But  may  the  center  not  he 
affected  by  certain  changes  in  the  chemical  romptwit ion  of  the  bloi»d 
e%*cn  though  there  i»  no  consetiuent  elevation  in  the  ('b.  such  for  example 
as  an  inrreascd  COj  tension  in  the  presence  of  a  tnie  alkalosiii? 

It  is  generally  ln-lic^-eil  that  an  acrumulalion  of  free  Vi\  in  the 
blo<Kl  is  deleterious  to  the  organism  only  in  so  far  as  it  clevat^-s  the 
('„  but  the  otMtfiA-ations  here  reported  show  that  the  rejipiratorj-  o-nter 
rcni-its  any  abnormal  elevstion  of  CO,  tcnuion  even  though  the  blood 
supplied  to  the  nie<lulla  Is  dixitncily  nutre  alkaline  than  normal.  To 
prove  thin  point  It  is  of  rourve  detiirable  to  work  with  the  intact  animal 
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under  conditions  as  nearly  within  physiological  limits  as  possible.  On 
the  other  hand,  the  blood  must  be  rendered  sufficiently  alkaline  so  that 
when  the  COj  tension  is  raised  the  resulting  change  in  C,  will  still  fall 
on  the  alkaline  side  of  normality. 

It  has  long  been  taught  that  the  injection  of  alkali  into  an  animal 
produces  apnea.  However  this  depends  not  only  on  the  strength  of 
the  alkali  but  chiefly  on  its  rate  of  injection.  The  arterial  blood  of  an 
animal  may  be  made  as  alkaline  as  Pi  7.8,  yet  the  respiration  continues 
in  a  perfectly  normal  fashion.  In  fact  the  tidal  air  per  minute  miay 
be  the  same  within  a  few  cubic  centimeters  whether  the  P^  of  the 
blood  is  7.4  or  7.8.  In  such  a  preparation  the  COi  tension  may 
be  elevated  while  the  Ch  is  appreciably  more  alkaline  than  normal. 
The  resulting  effect  on  the  respiration  cannot  be  attributed  to  any 
abnormal  elevation  in  the  blood  Ci  acting  as  a  stimulus  to  the  reapir&- 
tory  center. 

Methods.  Decerebrate  cats  were  used  in  all  the  experiments  reported 
in  tins  paper.  In  order  to  obtain  a  normal  response  of  the  respiratory 
mechanism  to  a  given  stimulus,  it  is  essential  to  avoid  the  depressing 
effects  that  all  general  anesthetics  have  on  the  center.  This  point  was 
emphasised  by  the  writer  in  a  previous  communication  (7).  As  we 
have  repeatedly  observed,  a  given  stimulus  may  evoke  a  definite  re- 
eqpiratory  response  in  the  unanesthetized  animal,  whereas  the  same 
stimulus  in  an  anesthetized  animal  produces  little  or  no  effect. 

After  decerebration,'  an  interval  of  about  forty-five  minutes  was 
allowed  for  the  elimination  of  the  ether  used  before  the  operation. 
All  animals  that  did  not  lie  perfectly  quiet  or  which  had  any  irregularity 
in  respiration  were  discarded .  Blood  samples  were  taken  directly 
from  either  the  femoral  or  the  carotid  artery  with  care  exercised  to 
avoid  the  loss  of  CO*.  The  P.  determinations  were  done  with  the 
dialysis  indicator  method,  using  phenolsulphonephthalein  as  indicator. 
This  method  has  recently  been  checked  against  the  gas-chain  by  Clark 
and  Lube  (8),  who  found  that  it  gave  results  in  close  agreement  with 
electrometric  determinations.  The  results  for  the  total  COt  content 
of  the  blood  were  obtained  with  a  modified  Barcroft-Haldane  apparatus, 
which  was  determined  to  be  accurate  within  1.5  per  cent.  The  air 
analyses  were  made  with  the  well  known  Haldane  apparatus. 

Technique  of  experiments.  After  decerebration  and  while  the  animal 
was  respiring  room  aii,  samples  of  blood  were  taken  for  the  P.  and  total 

■  Detaila  of  the  method  of  decerabration  used  have  already  been  described  (7). 
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TABLE  1 

The  rtaelion  to  COi  in  tKt  normal  and  alkalimted  antmal 
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the  reaction  to  COi  before  and  after  alkali.  The  reflpiratoiy  rate  and 
and  tidal  air  per  nuDut«  corresponding  to  various  percentages  of  in- 
spired COi  were  taken  from  tracings  similar  to  the  ones  shown  in 
figures  1  and  2.  In  table  2  are  given  the  values  for  the  free  and  com- 
bined COi  in  the  blood  in  the  normal  and  alkalJniied  animal,  first 
while  breathing  room  air  and  again  while  inspiring  5  per  cent  COi. 
Although  not  representing  absolute  values,*  these  data  are  valuable 

TABLE* 

Tht  relation  bttvtfn  ths  free  and  the  cotidrined  CX)i  in  the  blood  be/ore  and  after 
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in  showing  the  relative  changes  which  occur  in  the  ;^^7^  ratio  of  the 

blood  under  the  experimental  conditions.  The  results  of  the  second 
series  of  more  acute  experiments  are  given  in  table  3.  Here  the  respira- 
tory data  were  obtained  from  tracings  similar  to  the  ones  shown  in 
figure  2. 

'  Theee  rMulU  were  eAlrul4ted  from  the  equ*UoD  ^  ucrC  ~  K  '  '"  *'I>'c^ 
the  known  vkluee  of  the  cooatuite  were  thoee  firtn  by  Mlehtelia  uid  Rone 
0912),  K  -  4.4  X  10-',  \  for  blood  condition!  -  0.606. 
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Discussion  cf  reaidts.  The  data  obtained  before  the  injection  of  Nai- 
C0»  are  similar  to  thoae  previously  reported  (7)  and  are  presented 
here  for  comparison  to  show  in  what  way  a  condition  of  alkaloeia 
affects  the  reaction  to  COj.  It  is  noted  that  when  a  5  per  cent  COi 
air  is  inspired,  the  amount  of  COi  given  off  by  the  blood  is  markedly 
elevated  above  normal*  while  the  Ch  is  detectably  raised  above  the 
value  found  when  room  air  was  being  respired.  Under  these  experi- 
mental conditions  with  a  partial  pressure  of  COt  not  above  50  mm., 
it  is  probable  that  the  increased  amount  of  COj  found  in  the  blood  was 
for  the  most  part  bound  as  NaHCOt,  whereas  a  relatively  sm^  amount  - 
was  carried  by  the  hemoglobin  and  other  blood  proteins.    Buckmaster 

TABLE  i 

Th4  efftct  o/  tiMjnn'nj  a  COi-rtcft  air  for  one  and  one-half  minute  on  respiration 

and  the  P^  of  the  arterial  btood  in  the  alkalinized  animal 
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7.75 
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7.70 
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COi  -  7.2  per  cent 

CO,  -  7.5  per  cent 

CO,  -  6.4  per  cent 

CO,  -  ft.2  per  cent 

(9),  for  example,  has  found  that  bem<^obin  is  capable  of  combining 
with  more  COi  than  the  other  proteins  found  in  blood.  His  figures 
show  that  at  pressures  between  760  and  70  mm.,  hemoglobin  can  bind 
considerable  quantities  of  COi.  But  there  is  no  conclusive  evidence 
to  indicate  that  this  is  true  at  the  pressure  of  COt  which  may  obtain 
during  life. 

■  Recently  Henderson  and  Haggard  (Joum.  Biol.  Chem.,  1917,  xxxiii,  343) 
have  confirmed  our  earlier  observations  by  showing  that  the  total  CO,  content 
of  the  blood  is  raised  in  a  condition  of  CO,  acidosis,  brought  about  either  by 
breathing  &  COr-rich  air  or  by  depressing  the  respiratory  mechanism  with  the 
administration  of  morphine. 


Digitized  by  VjOOQIC 


52  R.    W.   BCOTT 

A  very  significant  fact  ia  noted  in  the  behavior  of  the  alkalinised 
animal  while  breathing  room  air.  Neither  the  respiratory  rate  nor  the 
tidal  air  per  minute  ia  affected  to  any  appreciable  extent  by  the  car- 
bonate  injection,  althou^  the  P^  of  the  blood  has  been  changed  on  the 
average  from  7.4  to  7-8.  This  fact  indicates  that  a  given  change  in 
Pb  on  the  alkaline  side  is  attended  with  fewer  apparent  disturbances 
than  a  similar  change  to  the  acid  side  of  normality.  However,  the 
iMlity  <^  the  organiem  to  UAeraie  a  given  elevation  in  Ch  protxMy  dependa 
on  the  acid  reajtonnhle  Jot  the  eievaiion.  Certain  observations  that  we 
have  made  on  COi  acidosis  have  indicated  that  the  physiological  limits 
of  C.  toward  the  acid  side  are  greater  for  HiCOi  than  for  other  acida. 
For  example,  the  P«  of  the  arterial  blood  in  a  decerebrate  cat  may  be 
changed  from  a  normal  7.4  to  7.1  by  breathing  air  rich  in  ('Oi.  After 
breathing  room  air  for  twenty  minutes  the  blood  P.  and  respirations 
have  returned  to  normal.  This  acute  experiment  rosy  be  done  as  often 
as  three  times  in  two  hours  without  any  apparent  ill  effects.  On  the 
other  band,  it  has  been  found  extremely  difficult  to  reduce  the  P,  to 
7.1  by  thesbw  injection  of  acids  such  as  N,  20  HCIor  N/20  acetic.  In 
the  majority  of  -cases  the  animals  have  developed  convulsive  move- 
ments and  died  before  that  level  was  reached. 

One  important  factor  concerned  in  the  explanation  of  these  results 
is  the  behavior  of  the  body  bicarbonate  in  the  two  caflra.  We  have 
shown  that  the  bicarbonate  content  of  the  blood  is  much  increased  in  a 
condition  of  COi  acidosis.  For  example,  the  total  C'Oi  in  the  arterial 
blood  was  found  to  increase  from  a  normal  38.4  vols,  to  77.2  in  a  de- 
cerebrate cat  whose  blood  P,  was  lowered  from  7,4  to  7.1  by  breathing 
-  air  rich  in  CO)  (7).  On  the  other  hand  Van  Slyke  (10)  found  that 
after  the  injection  of  75  cc.  N  'I  (NH»flO*}  into  a  d(^,  the  P,  of  the  arterial 
blood  had  changed  from  a  normal  7.33  to  7.17,  while  the  total  COi 
was  diminished  from  38.7  to  10.1,  a  reduction  of  over  200  per  cent. 
These  facts  have  much  significance.  They  show  that  in  the  two 
general  types  of  acidosis,  there  is  a  wide  variation  in  the  amount  of 
available  alkali  in  the  blood.  In  CO)  acidosis  the  increased  quantity 
of  NaHCOi  present  in  the  blood  serves  as  available  alkali  to  neutralise 
any  further  acidity.  In  the  case  of  other  acids  the  situation  is  dif- 
fcrent.  Here  the  alkali  ii>  consiunc<l  and  inntead  of  actually  increasing 
in  amount  it  undergoes  a  progreRxive  diminution  in  prt>ix>rtion  to  the 
amount  of  acid  present.  In  m  far  then  as  the  available  alkali  of  the 
blotKl  is  used  up,  the  ability  to  withstand  any  further  acidity  must  be 
diminitihe<l.     I!>oubtlcwi  similar  circumstanreM  prevail  in  the  litwues. 
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where  it  becomes  increasingly  difficult  to  maintain  the  environment 
within  physiological  limits  of  P,  as  the  bicarbonate  content  of  the  body 
fluids  becomes  depleted.  These  considerations  alone,  apart  from  the 
easy  elimination  of  COi  by  the  lungs,  indicate  that  the  organism  is 
better  equipped  to  resist  an  increase  in  Cb  due  to  HiCOj  than  it  is  one 
caused  by  other  acids. 

A    CONDITION    OF    THDE    ALKALOSIS    NOT    ACCOMPANIED    BY    APNEA 

The  absence  of  any  respiratory  disturbance  accompanying  a  condi- 
tion of  true  alkalosis  indicates  that  there  is  not  the  close  parallelism 
existing  between  the  activity  of  the  respiratory  center  and  the  C^  of 
the  blood  that  has  generally  been  supposed.  Otherwise  the  degree  of 
alkalinity  present  should  give  rise  to  apnea.  Since  the  respiration  con- 
tinues in  a  normal  way,  it  must  be  concluded  that  other  factors  besides 
the  Ch  may  be  concerned  in  the  chemical  regulation  of  breathing,  and 
in  this  connection  the  free  CO]  of  the  blood  deserves  consideration. 

Reference  to  table  2  shows  that  a  definite  increase  in  the  blood 
alkalinity  with  only  a  sUght  change  in  the  free  Cd  may  be  produced 
by  the  slow  injection  of  NajCO*.  Under  these  circumstances  the  ani- 
mal breathes  normally.  On  the  other  band,  as  is  well  known,  apnea 
results  when  any  appreciable  alkalosis  is  caused  by  the  methods  ordi- 
narily used,  i.e.,  the  rapid  injection  of  alkali  or  superventiUtion  of  the 
lungs.  Both  procedures  cause  a  sudden  lowering  in  the  COt  tension  of 
the  blood.  It  is  therefore  apparent  that  two  types  of  alkalosis  may  be 
distinguished:  a,  having  a  normal  COt  tension  with  no  disturbance  in 
breathing,  as  illustrated  by  the  experiments  here  reported;  b,  having  a 
lowered  COj  tehsion  accomii^ied  by  apnea. 

The  significance  of  a  lowered  COj  tension  as  the  cause  of  apnea  has 
been  recognized  for  many  years.  Bieletzky  (11)  in  1882  showed  that 
apnea  was  produced  in  birds  by  over-ventilation  of  the' lungs.  Later 
Fredericq  (12),  using  his  crossed  cephalic  circulation  method,  and 
Hougardy  (13),  by  the  injection  of  alkali,  concluded  that  apnea  was 
due  to  a  diminution  in  the  COi  tension  of  the  arterial  blood.  A  similar 
conclusion  was  reached  by  Campbell,  Douglas,  Haldane  and  Hobson 
(14)  as  a  result  of  their  experiments  on  man.  They,  however,  inter- 
preted their  findings  to  accord  with  the  hypothesis  of  Winterstein  and 
Hasselbalcb,  attributing  a  preponderating  influence  to  the  Ch  as  the 
respiratory  hormone.  By  so  doing  they  assume  that  COj  affects  the 
respiratory  center  only  by  virtue  of  its  acid  nature  when  in  solution. 
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Aroordingly  &  condition  of  alkftlosis  should  be  accompanied  by  apnea, 
which  should  peraifit  until  the  metabolic  COi  accumulated  to  such  a 
degree  as  to  raise  the  C.  to  the  threshold-exciting  value  for  the  respi- 
ratoiy  center.  Ilie  evidence  here  presented  shows  that  this  is  not  the 
case.  Respiration  continues  regularly  in  the  prenence  of  a  demon- 
strable alkalosis,  provided  the  COi  tension  in  the  blood  is  maintained 
about  normal.  On  the  other  hand,  we  have  found  that  apnea  is  very 
readily  produced  in  the  alkaliniied  animal  by  lowering  the  CO*  tenwon 
with  artificial  ventilation.  It  is  therefore  clear  that  the  apneic  pause 
is  not  caused  by  a  diminution  in  the  blood  Ca,  as  would  be  the  case  if 
the  chemical  regulation  of  breathing  depended  solely  on  blood  reaction. 
Our  results  indicate  a  close  association  between  apnea  and  COj  tension, 
thus  corroborating  the  observations  of  earlier  investigators.  A  certain 
significance  is  hereby  given  to  C0|,  which  will  obviously  be  neglected 
so  long  as  ita  effect  on  the  respiratory  center  is  considered  to  be  an 
indirect  one  through  the  blood  reaction. 

It  has  been  noted  that  the  very  slow  injection  of  Ka«C0i  has  no 
effect  on  the  respiration.  A  similar  obaervation  was  Riade  by  Hou- 
gardy  (13)  but  there  was  no  method  available  at  that  time  to  determine 
the  C  of  the  blood.  Reference  to  table  2  shows  that  the  injection  of 
0.35  gnuns  NatCO*  per  kilogram  produces  on  the  average  a  change 
in  P.  from  a  normal  7.4  to  7.7  or  7.8,  whereas  the  free  CO*  in  the  blood 
undergoes  only  a  slight  diminution.  In  view  of  the  fact  that  Nb«COi 
is  capable  of  fixing  COt  to  form  NaHCOi,  the  question  naturally  aiiaea 
concerning  the  mechaoism  by  which  the  organism  is  able  to  mwinfain 
an  approximately  normal  COi  tension  in  the  arterial  blood.  Doubtless 
an  important  factor  in  this  connection  is  the  retention  of  a  considprable 
quantity  of  metabolic  C0|.  It  is  apparent  that  such  a  mechanism 
would  afford  the  most  available  means  of  combating  an  impending 
alkalods.  In  experiment  32,  table  2,  the  normal  total  COt  was  38  vol. 
per  cent;  after  the  alkali  injection  it  was  76  vol.  per  cent.  Only  about 
one-third  of  this  increase  found  can  be  derived  from  the  C0|  contained 
in  the  quantity  of  NatCOj  injected.  For  example  0.35  gram  Na«C*Ot 
contains  0.145  gram  C0|.  Estimating  the  body  fluids  at  700  cc.  per 
kilogram  body  weight,  the  total  COt  found  after  the  carbonate  injec- 
tion is  equivalent  to  0.476  gram  COt  at  20* — 760  mm.  This  value  is 
based  on  the  assumption  that  the  slow  rate  of  injection  permitted  a 
uniform  distribution  to  the  body  fluids.  Although  we  have  no  data  on 
the  total  respiratory  exchange,  in  all  probability  the  disparity  found  in 
due  to  a  retention  of  COt  that  might  olherwim  be  eliminated  by  the 
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ItingB.  When  an  alkali  capable  of  combining  with  COi  is  rapidly  in- 
jected, the  most  ready  means  of  neutralization  is  by  the  free  C0»  in 
the  blood.  This  naturaJly  undergoes  a  sudden  diminution,  which  no 
doubt  explains  the  apneic  pause  under  these  circumstances.  On  the- 
other  hand,  the  slow  injection  of  alkali  allows  sufficient  time  for  the 
retention  of  metabolic  COs  so  that  the  free  COj  of  the  blood  suffers  no 
marked  diminution  and  consequently  the  breathing  is  unaffected. 

THE  BFPECT  OF  ALKALOSIS  ON  THE  REACTION  TO  COi 

Reference  to  table  1  and  figure  1  shows  that  the  general  character  of 
the  respiratory  response  to  C0»  is  the  same  after  the  injection  of  alkali 
as  before.  A  slight  difference,  however,  is  noted  in  the  quantity  of 
tidal  air  which  corresponds  to  a  given  percentage  of  inspired  CO*. 
This  disparity  is  shown  graphically  in  figure  3.  Here  the  curves* 
were  plotted  from  the  data  in  table  1,  and  therefore  represent  the  mean 
in  five  flnimalR  before  and  after  receiving  alkali.  It  is  noted  that  similar 
percentages  of  COi  elicit  a  slightly  more  vigorous  reaction  on  the  part 
of  the  respiratory  center  before  alkalosis  is  established.  Furthermore, 
this  disparity  becomes  more  conspicuous  with  increasing  quantities  of 
C0»  in  the  inspired  air.  The  following  facts  merit  consideration  in 
explaining  these  phenomena:  a,  the  levels  at  which  the  Ca  changes; 
and  b,  the  difference  in  the  buffer  value  of  the  blood  in  normal  and 
alkatinized  animals.  Reference  to  table  3  indicates  that  when  the 
normal  animal  is  made  to  breathe  increasing  percentages  of  COj  up  to 
6  per  cent,  both  the  COj  tension  and  the  Cb  of  the  blood  are  elevated. 
In  this  case  the  respiratory  center  may  be  influenced  by  two  factors, 
COt  and  C..  After  alkalosis  is  established  only  the  COi  tension  is 
raised  by  breathing  5  per  cent  COi,  while  the  Cb  always  remains  on 
the  alkaline  side  of  the  normal.  It  is  not  surprising  under  these  con- 
ditions that  CO]  might  elicit  a  less  vigorous  respiratory  response.  In 
other  words,  the  threshold  value  of  COj  may  be  raised  in  a  condition  of 
alkalosis  and  lowered  in  the  presence  of  an  elevation  in  the  Cb  of  the 
blood. 

It  is  observed  that  the  total  COi  content  of  the  arterial  blood  is  raised 
by  approximately  100  per  cent  after  the  injection  of  the  quantity  of 
KaiCOi  used.  Consequently  the  buffer  value  must  be  great^  in- 
creased. The  addition  of  a  given  quantity  of  COt  to  such  a  blood  will 
cause  less  elevation  in  the  HtCO*  content  than  would  be  the  case  with 

*  The  data  from  single  experimenta  give  curves  of  the  same  general  coatour. 
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Dormal  blood.  This  is  showD  by  the  data  in  table  2.  While  the  alka- 
linised  animal  is  breathing  room  air,  the  free  COt  is  a  little  under  the 
value  found  before  the  alkali  injection.  A  aimilar  disparity  is  noted 
when  air  containing  5  per  cent  C0|  is  inspired.  Prom  these  considera- 
tions it  may  be  concluded  that  both  the  increased  buffer  value  and 


Fig,  3.  Comi^milp  rurvm  fmtn  chv  ilnt*  oblninptl  in  five  atiim.i 

I>  !«<<■  table  1) 

•howinK  ttw  niipiratory  n-arliim  «)  infTPwinii  iHrrcntnttcfl  <rf  CO, 

in  th(>inipir«(] 

kir.     A.  thi-  nonnnl  rrurtiim  UUin-  nIkiiH  inj<-rli<m.     H.  nfi<>r  tl 

ir  intravenous 

inJFflioniif  Nii,CO,  ill  :t'i  Kr«m  |ht  kg.!. 

the  (liniimitioii  in  <"■  of  the  hViA  an-  coiirtTiiwI  in  thf  rxjiliuiat ion  of 
the  fact  llint  iniTviiping  iHTccntiiKi's  <tf  CO,  in  tlic  iii.-'|>irf<l  air  cause  a 
sonicwhul  \i-t-»  viK<>niii)i  M->|>inilor\'  rc-'iKHiM-  in  X\iv  alkulinizi'd  than  in 
the  normal  animal.  (HhiTwis*-  the  nimilarity  of  the  ni'p<tn9e  is  very 
striking  in  tin-  two  cjl-m-s  .«■«•  fi([.  3l. 
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TaUe  3  shows  the  results  obtained  in  the  series  of  acute  experiments 
in  which  t)>e  alkalinized  animal  was  made  to  breathe  a  COr-rich  air 
instead  of  accumulating  the  COt  by  rebreathing.  The  respiratory  data 
were  obtained  from  tracings  similar  to  the  one  shown  in  figure  2.  When 
the  inspired  COj  was  suddenly  changed  from  0.04  per  cent  (room  air) 
to  6  or  7  per  cent,  there  was  a  marked  stimulation  of  the  respiratory 
center,  evidenced  by  an  increase  in  the  rate  as  well  as  the  depth  of 
breathing.  Under  these  circumstances  the  tidal  air  per  minute  was 
elevated  in  the  difEerent  animals,  ranging  from  327  to  465  per  cent. 
It  is  noted  that  this  marked  augmentation  in  respiration  occurred  in 
the  presence  of  a  blood  Ph  that  was  demonstrably  on  the  aikaline 
side  of  the  normal  found  before  alkalosis  w^s  established.  Such  results 
afford  a  striking  illustration  of  the  stimulating  effect  of  COj  on  respira- 
tion, which  obviously  cannot  be  attributed  to  any  abnormal  elevation 
in  the  Cb  of  the  blood. 

The  current  hypothesis  recognizing  the  0^  be  the  sole  factor  con- 
cerned in  the  chemical  regulation  of  breathing  has  come  to  be  so  uni- 
versally accepted  that  little  attention  is  paid  to  the  effect  of  undisso- 
ciated  COi  on  respiration.  It  is  taught  that  CO*  can  influence  the 
respiratory  center  only  by  virtue  of  its  acid  properties  when  in  solution. 
Consequently  an  abnormal  elevation  in  C0»  tension  in  the  blood  is 
thought  to  stimulate  respiration  only  in  so  far  as  the  Ch  is  thereby 
raised.    To  quote  from  a  recent  contribution  of  Haldane  (15), 

,  ,  .  .  there  Beema  now  to  be  no  doubt  that  it  is  true  that  what  the  respira- 
tory center  reaponda  to  is  hydrogen  ion  concentration  and  not  mere  COi  preaaure. 

In  the  light  of  present  facts  there  is  no  doubt  that  the  Ch  is  one  im- 
portant factor  influencing  breathing.  For  example,  it  is  well  estab- 
lished that  under  normal  conditions  pulmonary  ventilation  is  so  regu- 
lated as  to  keep  the  Cb  appreciably  constant  while  any  change  to  the 
acid  side  is  accompanied  by  a  marked  increase  in  respiration.  It  has 
therefore  been  concluded  that  a  close  parallelism  existed  between 
pulmonary  ventilation  and  the  blood  Cb.  However,  when  we  com- 
pare the  activity  of  the  respiratory  center  at  slightly  alkaline  levels 
of  Ch  we  find  that  no  such  definite  relationship  exists.  Here  instead 
of  apnea  resulting,  as  might  be  expected,  the  breathing  continues 
regularly  and  is  apparently  directed  toward  maintaining  the  COi  at  a 
normal  level.  Any  elevation  in  this  level  causes  a  marked  stimulation 
of  respiration. 
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In  view  of  these  facta  it  seems  prob&ble  that  the  no-called  re8pifatory 
honnone  is  not  a  single  entity  in  the  form  of  the  hjrdrogeD  ion  a«  pontu- 
lated  by  the  theory  of  Winteretein  and  HasBclbalch.  To  asfume  that 
the  respiratory  center  is  oblivious  to  changes  in  the  chemical  equilibria 
in  the  blood  except  in  so  far  as  such  changes  may  alter  the  CH,  is  placing 
a  limitation  on  its  function  which  is  hardly  commensurate  with  the 
importance  of  reapiration  in  the  Uvtng  animal-  Apparently  the  center 
is  very  sensitive  to  undisaociated  CO),  and  certainly  in  the  alkaliniied 
animal  our  results  indicate  that  CO]  may  act  as  a  specific  respiratory 
bonnone.  This  gives  an  added  importance  to  the  physiological  signifi- 
cance of  COi  and  at  the  same  time  illustrates  a  function  of  the  respira- 
tory center  which  will  not  b&appreciated  if  we  restrict  its  activity  solely 
to  the  influence  of  the  C.. 


The  reaction  to  CO*  has  been  compared  in  the  norma)  and  alkalinited 
animal,  using  the  quantitative  response  of  respiration,  together  with 
the  Ph  and  total  carbonate  content  of  the  arterial  blood  in  the  two 
cases.  By  the  slow  injection  of  Na«COi  (0.35  gram  per  kilogram), 
a  demonstrable  alkalosis  is  produced,  yet  the  breathing  continues 
normal  indicating  that  a  change  in  the  Ca  to  the  alkaline  side  is  better 
tolerated  than  a  similar  change  toward  acidity.  Examination  of  the 
arterial  blood  shows  that  by  the  alkali  injection  the  P.  has  been 
altered  from  the  normal  7.4  to  7.8,  while  the  total  CO*  content  is  ele- 
vated by  approximately  100  per  cent.  Evidence  is  presented  to  show 
that  the  regular  type  of  breathing  seen  in  the  alkaliniied  animal  is 
intimately  associated  with  the  maintenance  of  the  free  COt  in  the  blood 
at  a  normal  level,  while  any  appreciable  elevation  in  this  level  causes  a 
marked  stimulation  of  respiration  in  spite  of  the  fact  that  the  C,  of 
the  blood  is  sensibly  on  the  alkaline  side  of  normality.  Such  observa- 
tions have  led  to  the  following  conclusions : 

1.  There  is  not  the  close  parallelism  between  rrapiration  and  the 
Ca  of  the  arterial  blood  supposed  by  the  theory  of  Winterstein  and 
Haaselbalch. 

2.  At  sli^tly  alkaline  levels  of  Ca,  pulmonary  ventilation  is  so 
regulated  as  to  mabtain  the  COi  tension  in  the  blood  normal. 

3.  A  condition  of  true  alkalosis  is  accompanied  by  apnea  only  when 
the  method  used  to  lower  the  C.  causes  at  the  same  time  a  sudden 
fall  in  the  CO*  tension;  as,  for  example,  the  rapid  injection  of  an  alkali 
capable  of  binding  COi,  or  by  superventilalion  of  the  lungs. 
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4.  Undi880ciat«d  CO*  acts  as  a  specific  respiratory  hormone;  there- 
fore the  physiological  effects  of  COt  on  respiratioD  can  not  be  attributed 
solely  to  its  acid  properties  when  in  solution. 
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CalalttKo  in  the  femicnl  which  Ulxratps  oxygen  from  hydruKcn 
peroxid.  A«  we  have  nhown  in  previous  pspera,  it  seemK  to  have 
HoinethinR  to  do  with  the  oxidalive  proceHneH.  Our  work  on  the  tnum'Ie 
of  the  Hinall  intestine  sugKT^ted  Rlrungly  that  the  catalaxe  content  of  a 
tisHue  can  be  uwd  as  an  index  of  it«  metalK)lic  activity  (1).  We  found 
that  the  gradient  of  catala-se  content  from  duodenum  lo  ileum  elowely 
paralleletl  the  f(radi<'ntK  of  rhythmicity,  irritahiUtj',  latent  period  and 
COi  prtHlurtion. 

Alvarez  has  xliown  that  the  perixtaltic  waves  in  the  stomaeh  prob- 
ably follow  gradientH  of  irritabililv,  rhythmicity  ami  latent  pericMl 
frf>m  cardia  to  pyloruH  (2).  We  winh  to  Nhow  in  thix  paj>er  that  the 
eatalase  content  of  the  niuiwle  in  alw)  graded  from  eardia  to  pylorun. 


Thin  hail  Ix^n  deserilH'd  can-fully  in  a  pn-viouH  pafx-r  (I)-  The 
animalx  were  killed  cither  by  a  blow  (m  the  head  or  by  rhlomfonn  and 
ble<>dinR.  By  using  a  nhaking  machine  five  tcMis  on  nuwrie  fn)m  the 
name  Hlonmch  were  run  at  the  name  lime  under  identical  condition". 
In  the  following  tables  the  figuni*  repre-u'iit  cubic  cenlimcterv  of 
oxygen  at  atmospheric  prcssun',  lilx-rated  from  IS  cc.  of  hydrogi-n 
|H'rc>xicl  by  the  culnluse  in  0.3  gnim  of  minced  inu.H<'le.  The  muscle 
wa:<  IN-eletl  off  of  the  nmeoux  niembrune.  Nti  difficulty  wnn  met  with 
in  doinn  thin  except  aUmg  the  leaser  curvutun-  of  the  rabbit's  stomach. 
There  the  nuic(i<ta  hiwl  to  tte  .^craiK-d  off.  In  some  of  the  earlier  ex[M'ri- 
ment."  the  hrdn>gi-n  fx-roxid  wii."  not  neutnilize<l. 
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1.  Near  eardia 

2 

3.  ■ 

4.  Near  pylorus... 
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39.4 

32.S|35.3|35.425.8 


23.5 
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17.618.8 


22.7 
IS.  I 
14.8 
14.4 


a<OtNi 


25.022.525.0 
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16.2 
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Greater  Curvalure 
Note:  For  purposes  of  comparieon  a  teat  was  made  also  of  the  catalase  ii 
muKle  (rora  tbe  first  part  of  the  duodeoum. 


1.  Near  cardia. . 


4.  Near  pylorui 

5.  Duodenum. . 
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5.  Duodenum 


41.048.3  32.4 
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14.814.8 
22.216.9 


21.2 
18.1 
20-9 
18.9 


4.  Near  pyloruf 

5.  Duodenum. 


14.7 
15.0 
13.0|15.6|13. 
]4.8|15.9  10.5  18.2  12.4 


17.2 
16.3 
16.7 
14.4 
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DIBCCB6ION 

A  glance  at  figure  1  sbowa  the  definite  gradation  in  the  catatase  con- 
tent from  cardia  to  pylortis.  This  is  most  marked  along  the  lesser 
curvature  in  the  cat  and  rabbit.  The  irregularity  of  the  curves  in  the 
dog  may  be  due  partly  to  the  difficulties  encountered  in  getting  per- 
fectly healthy  dogs.  Animals  with  definite  distemper,  large  numbers 
of  intestinal  parasites  or  diarrhea  had  even  more  irregular  curves. 

The  poorer  gradation  along  the  greater  curvature  in  all  the  animals 
is  to  be  expected.  The  remnants  of  the  primitive  intestinal  tube  are 
along  the  lesser  curvature  while  a  considerable  proportion  of  the  greater 
curvature  develops  in  the  embryo  as  a  cecum  (3).  The  curves  from 
the  rabbit's  stomach  conform  very  closely  to  what  we  expected  from 
the  previous  studies  on  the  latent  period,  irritability  and  rhythmicity 
of  the  muscle.  It  is  hard  to  say  why  in  the  cat  and  dog  the  figures 
should  be  hi^er  on  the  greater  curvature,  where  the  rates  of  contrac- 
tion were  slower.  Another  thing  which  is  hard  to  explain  is  the  great 
difference  between  the  amounts  of  catalase  on  the  two  curvatures  near 
the  pylorus  in  the  cat  and  d(^.  To  be  sure,  some  differences  in  latent 
period  and  irritability  were  found  tn  different  parts  of  the  antrum  but 
when  we  think  of  the  development  and  function  of  this  part  of  the 
stomach  there  would  seem  no  need  for  any  differentiation  in  the  muscle 
along  the  two  curvatures.  In  order  to  get  a  little  more  light  on  this 
subject,  estimations  were  made  on  equal  weights  of  muscle  from  the 
two  curvatures  and  from  the  anterior  and  posterior  surfaces  of  the 
antrum.  The  following  figures  from  the  cat  and  dog  show  a  striking 
difference  between  the  catalase  content  of  the  muscle  on  the  lesser  cur- 
vature and  that  in  the  rest  of  the  antnun. 


LcMer  eurrkture 32.0 

Aiit«rior  surfAce. |  10.3 

pMUrioT  aurf Me {  43.3 

Oreaur  curvatur* i  47  2 


Another  interesting  point  is  that  the  pace-making  arra  near  the 
cardia  had  a  much  higher  catalase  content  than  that  of  the  pyloric 
region  in  which  most  of  the  muscular  work  of  the  stomach  is  done. 
It  appears  from  this  that  the  amount  of  catalase  in  a  muscle  depends 
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not  80  much  upon  the  amount  of  work  required  but  upon  the  speed 
with  which  it  is  to  be  done.  It  may  be  remembered  also  that  the 
csrdia  with  its  weak,  shallow  but  rapid  contractions  can  dominate  the 
rhythm  of  the  antrum  with  its  powerful,  deep  but  slow  contractiona. 


Cftrl.  IVl-  I>     Card.  P: 

"^•9«aor  Curvatura 
•*— Oroator  Curvaturo 

Fig.  1.  Ordinales  represent  amounts  of  oatalase.  The  three  seta  of  abscissaa 
repreoent  segments  of  the  stomach.  The  circle  and  dot  represent  the  catalase 
content  of  the  duodenal  muscle,  next  to  the  pylorus.  The  solid  line  repreaents 
data  from  segments  along  the  leaser  currature;  the  broken,  from  the  greatar 
curvature. 
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If  we  are  correct  in  sseuming  that  the  calalase  content  of  the  muncte 
is  an  index  of  its  metabolic  activity,  we  may  nay  that  there  in  a  meta- 
bolic frradient  in  the  stomach  similar  to  that  in  the  intestine.  This 
gradient  probably  underlies  and  accountu  for  the  Kradients  of  rhyth- 
micity,  irritability  and  latent  period  which  we  believe  determine  (he 
direction  of  peristalsis  in  the  stomach. 

The  muscle  in  the  duodenum  adjoining  the  stomach  is  very  different 
in  its  rhythmic  activities,  latent  period,  irritability  and  shape  of  cod- 
traction  curve  and  its  bifth  catalase  content  was  to  be  expected. 

The  latent  period  studies  on  the  intact  stomach  (2)  showed  that  the 
pyloric  ring  was  a  little  more  irritable  than  the  rest  of  the  antrum. 
Ciaskell  has  sufKCxted  that  the  muscle  in  the  pyloric  and  ileo-cecal 
BptuDcters  has  a  different  phylogenetic  origin  from  that  in  the  rest  of 
the  digestive  tract  (4).  This  might  account  for  the  differences  in  reac- 
tion to  adrenalin  note<l  by  xome  oNiervers  (a).  Keith  believes  also 
that  there  is  a  rhythmic  center  in  the  duodenum  about  the  papilla  of 
V'ater  (6).  It  seemed  well,  therefore,  to  study  the  catalase  content  of 
a  number  of  adjacent  negnients  in  this  region.  Following  are  some 
representative  protocols'. 


Aatrum  

Pyloria  riQX... 

Duodenum  I . . 
Duodenum  2  . 
Duodenum  3  . 
Duodenum*  . 


33.0 

33  8 

10.3 

ino 

20.3 

31.0 

31  S    1 

303 

11  7 

■3  4 

2S.a 

r.8 

19  2 

■OS 

38  5 

39.0 

2S6 

31.0 

20.7 

IKS 

Ml 

49.3 

33  3 

35  3 

IN. 3 
19  H 

31.3 
IB.  3 

43  8 

407 

Note:  The  lijiunia  for  du»denum  in  the  rabbit  reprment  mur<Ma  u>d  mutrle. 
Tlie  other  figures  kre   for  muarle  klune. 

These  figures  tlo  not  show  much  difference  lietwocn  the  pyloric 
muscle  and  that  in  the  rest  of  the  antrum.  They  do  show,  as  wan 
rather  to  l>e  expecte<l,  that  there  is  an  upwani  gradation  iu  the  first 
few  centimeters  of  the  dumlenum  N'fore  the  <li)wnward  gradation  to 
the  ileum  b«-gins.  KutliologiKts  know  that  the  iw>-chII<^1  du<Mlcnal  rap 
shoWH  little  activity  in  man  and  tends  to  n-main  filU-t)  during  digestion. 
Alvarei  has  hhown  also  in  rabbits  that  mum-le  exriM>«]  fnim  this  region 
has  a  comparatively  |>o<>r  rhythmicily  {7).  It  appi-ars.  then,  that  the 
upper  end  of  the  intcNtinal  gradient  is  not  at  the  pylorus  but  a  little 
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below,  perhaps  about  the  papilla  of  Vater.  Although  Keith's  suspicion 
that  there  is  nodal  tissue  in  this  region  may  be  correct,  it  must  be  kept 
in  mind  clearly  that  one  segment  of  intestine  does  not  seem  to  influence 
the  rhythm  of  the  one  next  to  it;  the  bowel  does  not  pulsate  like  a  heart 
and  the  word  "pacemaker"  must  be  used  with  caution.  It  is  a  little 
different  in  the  stomach  where  the  peristaltic  rates  of  the  different 
regions  are  all  subordinated  to  that  of  the  cardia.  It  is  possible  that 
some  of  the  ripples  which  run  down  the  intestine  arise  in  the  duodenum 
but  records  obtained  so  far  suggest  that  they  come  over  from  the 
stomach. 

We  hope  to  take  up,  in  a  subsequent  paper,  the  upsets  in  these 
gradients  found  in  sickly  animals.  In  all  the  work  on  gradients,  both 
in  the  stomach  and  in  the  small  intestine,  it  has  been  found  necessary 
to  make  careful  note  of  the  condition  of  the  animals  as  r^ards  friski- 
nesfi,  nutrition,  presence  of  snuffles,  distemper,  mange,  intestinal  para- 
sites, etc.  The  gradients  seem  to  be  upset  easiest  and  most  frequently  . 
in  the  dog  and  least  frequently  in  the  rabbit.  The  inability  of  the 
rabbit  to  vomit  may  be  due  at  least  in  part  to  the  stability  of  its  gastric 
and  intestinal  gradients.  An  even,  steep  downward  gradient  is  prol>- 
ably  more  essential  to  the  welfare  of  an  herbivorous  animal,  with  its 
rough  bulky  food,  than  to  a  carnivorous  animal  with  its  more  fluid  intes- 
tinal contents. 


Ilie  catalase  content  of  the  gastric  muscle  is  graded  downwards 
from  the  cardia  to  the  pylorus.  This  gradient  is  more  marked  along 
the  lesser  curvature  than  on  the  greater.  It  corresponds  pretty  well 
with  the  gradients  of  latent  period,  irritability  and  rhythmicity  pre- 
viously observed. 

The  amount  of  catalase  in  the  muscle  seems  to  depend  less  upon  the 
amount  of  work  required  than  upon  the  speed  with  which  it  is  to  be 
done. 

No  peculiarity  could  be  found  in  the  catalase  content  of  the  pyloric 
ring. 

Below  the  pylorus,  the  catalase  content  rises  rapidly  to  a  point  in 
the  middle  or  lower  duodenum  from  whence  the  gradient  is  downward 
to  the  colon. 

It  is  believed  that  these  gradients  of  catalase  content  represent  gra- 
dients of  metabolism  underlying  and  giving  rise  to  the  gradients  of 
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riiythmicity    and  latent  period  which  direct  the  dowDW&rd  waves 
of  peristabis. 

These  grsdiente  are  often  reversed  io  sick  ffimaU  which  are  vomit- 
ing or  refusing  food. 
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As  is  now  well  known,  catalase  is  the  ferment  which  liberates  oxygen 
from  hydrogen  peroxid.  It  seems  to  have  something  to  do  with  the 
oxidative  processes  and  a  good  many  writers  feel  that  the  catalase  con- 
tent of  a  tissue  can  be  taken  as  a  fair  index  of  its  metabolic  activity. 
We  have  shown  recently  that  the  catalase  content  of  the  intestinal 
muscle  is  graded  from  duodenum  to  colon,  i.e.,  a  given  weight  of  duo- 
denal muscle  has  more  catalase  than  the  same  weight  of  ileal  or  colonic 
muscle  (1).  When  charted  on  coordinate  [>aper,  the  gradients  of  intes- 
tinal rhythmicity,  COi  production  and  catalase  content  were  found  to 
parallel  one  another  very  closely.  There  was  a  definite  relation  be- 
tween the  catalase  content  of  any  one  bit  of  muscle  and  the  degree  of 
activity  ordinarily  displayed  by  the  segment  of  intestine  from  which  it 
was  taken. 

It  seemed  worth  while,  then,  to  see  if  we  could  demonstrate  a  similar 
relation  between  the  catalase  content  of  any  one  piece  of  mucous  mem- 
brane and  the  activity  (secretory  and  absorptive)  of  that  part  of  the 
digestive  tract.  As  we  will  point  out  later  in  the  discussion,  there  are 
marked  differences  in  the  amounts  of  work  done  by  the  mucous  mem- 
brane in  different  parts  of  the  stomach  and  bowel.  We  shall  show  also 
that  there  are  differences  in  the  COi  production  of  equal  we^ts  of 
mucous  membrane  from  different  parts  of  the  small  intestine  and  colon. 


The  technic  has  been  described  fully  in  a  previous  paper  (1),    The 

animals  were  killed  either  by  a  blow  on  the  head  or  by  chloroform 

and  then  bled.    In  dogs  and  cats  the  mucosa  was  peeled  off  from  the 

muscle;  in  rabbits  it  was  scraped  off.    The  tissue  was  ground  in  a 
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Stonack-~La*«r  cunalur4 

^:  M 

I.  N««r«ftrdik 37,7  52  7 

2 37.4|30- 

3 34.626. 


4.  Neu-  pjlonu.. 


.  32.3|26-1 


046.844.914! 
746. 2J  20-6 
.5I33.OJ3O.6 
21.0,30.134.4 


46  7 

37-5 
307 
26.8 


4.  Near  pjrlonu.. 


Rabbit: 
1.  Neu-  cudift. . 


48  346.3 

41.4.35.3 

38. 035. 2 

■ua |36  W28.S 

Slotmieh — OrtaUr  eurvolure,  upper  duodenum 


24.3 

23.8 
17  2 


47.3 
38.4 
36  « 
32.4 


1.  Near  cmrdui. . 


4.  Near  pylonu 

6.  Duodenum,  near  pjrlorua. . 


4.  Near  pytonu 

5.  Duodenum,  near  pylorus. 

Rabbit: 

I.  Near  cardia 

2 

3 

4.  Near  pylorus 

5.  Duodenum 


i    I    I 

30. 2150.8,40. 2|42 
48.0,36  ft40  035  4 
3g.3'37  433  73»  7 
29.S'33  531  o|40  4 

41.456.3 


1.3  31  0 
1.0  30.7 

k3|3l.6J23.625. 
>.7|20.6  30.3  23  8 

545  836  8 


0<38  2I 


I         I 
1  929  9' 


47  3  4i 
40.53: 
31  83( 
27  72< 


40  6 
32  4 

19-9 
21  0 
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Cat: 

1.  Duodenum. 

2.  Jejunum . . . 

3.  Middle.... 

4.  Ileum 

5.  Colon 

Doq: 

1.  Duodenum. 

2.  Jejunum. . . 

3.  Middle.... 

5.  Colon 


67.25f 
56.6  51 
51.0  K 
51 .8  it 


S.6'56.fl  67.5 

124.»S7.2  60.9 

133-158.2  43.4 

129.436,8  39.0 

234.223.B28.0  31.5 


44.8  4( 
32.4  3( 
30.7  3! 
32.0  3: 
18.2  2< 


Dog: 
1.  Upper. . 


5.  Lower.. 


.  23.515.8 


537.641 

642. 52( 
622.62; 


8  29.314.43; 


Cecum  and  Colon 

Babbit. 

1.  Tip 

2. 

3 

4.  Baae 

5.  Colon 


42.0  4! 
51.6S( 
49.8  5^ 
39.23^ 
30.6  3: 


6  44.2  49. S 

8  40.7  41.8 

2  36.6  34.8 

140.a  32.9 

727.431.5  36.1 


23.6 
23.9 
2S.8 


20.a32.4  35.1 

27.^32.5  40.6 

29.^26.8  40.0 

27.d23.4  32.2 

22.123.6  27.1 


mortar  and  washed  into  a  large  test  tube.  To  this  were  added  15  cc. 
of  a  3  per  cent  HiOt  which  had  previously  been  neutralised.  The 
oxygen  which  was  liberated  was  measured  in  a  burette  at  atmospheric 
pressure.  By  using  a  shaking  machine  five  such  tests  on  tissue  from 
the  aame  stomach  or  bowel  could  be  run  at  the  same  time  and  under 
identical  conditions.    In  the  preceeding  tables  the  figures  represent 
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cubic  centimeters  of  oxyp-n.  These  figurra  have  not  been  retluccd  to  a 
common  temperature  and  atmospheric  pressure  because  we  are  inter- 
ested only  in  the  gradatiouH  obsen-ed  in  the  <iifferenl  sets  of  five  read- 
jogs.     In  all  this  work  0.2  gnm  of  mucoim  membrane  was  used. 

DliKTSSION 

A  Klance  at  the  tables  and  at  figure  I  wilt  show  that  definite  difTer- 
ences  in  ca(alaiK>  content  have  been  found:  difTorences  which  are 
graded  very  much  as  they  are  with  the  muscle.  Incidentally  it  should 
be  noted  that  per  unit  of  weight  the  mucous  membrane  contaitu  about 
twice  as  much  calalaw  as  does  the  muscle.  This  is  what  we  should 
expect  from  the  work  of  Bmdie  and  Vogt  (2),  who  found  the  oxygen 
intake  and  CO,  output  of  the  mucosa  much  higher  than  that  of  the 
intestine  as  a  whole. 

Lei  us  turn  firat  (o  an  analysis  of  the  differences  found  in  the  stom- 
ach.  It  should  Im>  reiiieinltered  that  the  stomach  phylogenetically 
and  embryoltwically  is  developed  aa  a  bulging  in  the  primitive  intes- 
tinal tube  (3).  Originally  the  dilated  lower  end  of  the  esophagus 
joined  the  pyloric  antrum  at  the  incisure  angularis.  The  pyloric 
antrum  is  the  lea«t  mcMlifieil  portion  of  the  primitive  tube.  The  rem- 
nant of  the  esophagus  along  the  lesser  curvature  forms  Ihegatlric  canal, 
a  furrow  which  serves  to  conduct  fluids  from  the  cardia  to  the  antrum. 
As  we  should  expect,  the  cells  and  glands  in  the  mucous  membrane  in 
the  pyloric  antrum,  around  the  caniia  and  along  the  lesser  curvature, 
are  least  differential cil  fnmi  thosi-  in  the  inti-stine  (4).  lite  acid-fomt- 
ing  cells,  peculiar  to  the  stomach,  are  found  in  the  Ixxly  and  fundus  of 
the  organ:  regions  which  have  developed  as  a  cecum  off  of  the  original 
tube  (5).  It  should  be  rememlKTMl  also  that  the  mucosa  of  the  pyloric 
antrum  prolwbly  has  little  function.  The  antrum  serves  as  a  muscular 
gistani  in  which  the  food  is  ground  up  and  mixofl  with  juices  which 
trickle  down  from  al>ove. 

On  turning  to  the  table  we  find  the  figtires  a  little  larger  on  the 
greater  cur^-alure  than  on  the  Icswr.  That  is  what  we  should  expect 
as  the  functions  of  the  gastric  canal  prol>ably  do  not  recjuire  great 
metabolic  activity.  As  we  should  ex|>ect  abto,  there  is  very  little  rata- 
lase  in  the  mucosa  of  the  pyloric  antrum.  It  is  hard  to  say.  however, 
why  there  should  l>e  so  much  in  the  cells  around  the  cardia.  One 
would  not  expect  much  digestive  activity  in  that  comparatively  quiet 
part  of  the  stomach.     It  is  iateresting  that  the  amounts  of  catalaw'  in 
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the  stomach  are  coiuiderably  tower  than  those  in  the  upper  small 
intestine.  This  is  what  we  diould  expect,  as  the  small  bowel  is  the 
essential  organ  of  d  gestion.  The  stomach  serves  largely  as  a  hopper 
to  pass  the  food  downward  in  small  amounts  as  needed.  A  glance  at 
figure  1  will  show  that  the  catalase  content  of  a  given  weight  of  the 
gastric  mucosa  is  even  less  than  that  of  the  same  weight  of  colonic 


_ 

/\   c»t 
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Fig.  1.  Shows  the  gradation  in  catalase  content  of  the  mucosa  in  different 
regions.  The  abscissae  represent  tlie  regions  and  the  ordin&tes  cubic  ceati- 
meten  of  oxygen  liberated  in  fifteen  minutes  by  0.2  gram  of  tissue. 

mucosa.  It  should  be  noted,  however,  that  the  gastric  mucosa  is 
thick  and  that  in  the  colon  very  thin  so  that  the  metabolic  activity 
of  a  given  area  of  the  gastric  lining  is  probably  much  greater  than 
that  of  the  same  area  in  the  colon. 

On  turning  to  the  small  intestine  it  is  apparent  that  there  is  an 
abrupt  change  at  the  pylorus  from  a  mucous  membrane  poor  in  cataUse 
to  one  rich  in  catalase.     When  the  data  were  averaged  we  found  that 
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the  duodenal  figure  id  the  "greater  curvature"  tables  was  greater  than 
that  iQ  the  "BmaU  ioteatine"  table.  This  seemed  to  be  due  to  the  fact 
that  in  the  firat  experiments  we  had  used  muoosa  next  to  the  pylorus; 
in  the  later  ones  it  had  been  taken  frtmi  farther  down  the  duodenum. 
To  make  sure  that  the  differences  were  not  aocidental,  the  catalase 
was  measured  in  several  adjacent  s^ments  as  follows: 


eta 

•M 

M.O 
41.5 
43, S 

45.7 
41. « 

85.8 

4a.fi 

45.S 
30.7 

S2.8 

r.» 

SB. 5 

8>.5 

3S.« 

17. fl 
87.8 
41.1 
»2.« 
37.7 

DutxIeDiim  1 

31  7 

DuodanumS 

ST  8 

It  seems  from  these  data  that  the  gradation  is  generally  upwards  at 
first  from  the  pyloriis  to  the  middle  or  lower  duodenum,  from  whence 
it  is  downward  to  the  colon.  This  is  as  we  should  expect  from  what  we 
know  of  intestinal  digestion.  All  the  evidence  points  to  the  presence 
of  the  greatest  activity  in  the  lower  duodenum  and  upper  jejunum 
where  the  valvulae  conniventes  and  villi  are  largest  and  most  numerous. 
A  gradation  in  the  metabolic  activities  of  the  gut  is  indicated  also  by 
the  gradation  in  the  blood  supply.  Monks  (8)  has  called  attention  to 
the  local  peculiaritiee  of  the  mesenteric  blood  veosels,  peculiarities 
which  insure  a  larger  blood  flow  to  the  jejunum  than  to  the  ileum. 

We  know  now  that  the  gastric  mucosa  abeorbe  very  little;  the  much 
thinner  and  simpler  mucous  membrane  of  the  colon  probably  absorbs 
still  less.  All  those  who  have  studied  the  question  of  nutrient  enemas 
agree  that  little  passes  throuj^  the  walls  besidee  sugar,  salt  and  water. 
This  absorption  of  water  seems  to  be  one  of  the  main  functions  of  the 
colon.  In  fact,  this  organ  is  to  the  body  what  a  condenser  is  to  a 
steam  engine.  There  are  few  glands  in  the  colonic  wall  and  these  are 
concerned  mainly  with  the  excretion  of  mucus.  As  we  should  expect, 
then,  the  catalase  values  are  low.  They  are  graded  downwards  from 
the  cecum  at  first  but  later  they  rise  toward  the  anus.  It  is  impossible 
to  say  at  pmtent  jutit  why  this  last  rinf  should  appear. 

The  rerum  in  the  rabbit  pla>'B  a  more  important  part  in  digcKtion 
than  does  the  colon  and  we  find  its  mucosa  has  a  larger  catalase  con- 
tent.  As  we  would  expect,  there  is  no  constant  gradation  in  the  figures 
from  diffen>nt  parts  of  the  cecum.    Most  of  the  work  is  probably  done 
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by  the  cells  in  the  middle  regioii  of  the  organ  where  the  bulk  of  the 
conteDtfi  is  greatest,  and  there  the  catalase  content  is  highest. 

On  the  whole,  these  results  are  compatible  with  the  theory  that  the 
catalase  content  of  a  tissue  is  an  index  to  its  metabolic  activity.  Id 
order  to  establish  this  point  a  little  more  definitely,  a  few  ^timations 
were  made  of  the  GO,  production  of  weighed  amounts  of  mucous  mem- 
brane taken  from  five  different  regions  of  the  cat's  bowel.  Haas' 
method  was  used.  It  has  been  described  in  a  previous  paper  (1). 
The  bits  of  tissue  are  sealed  into  small  tubes  containing  Locke's  solu- 
tion which  is  stained  pink  with  a  trace  of  phenobulphonephthaletn. 
The  COi  given  off  acidifies  and  decolorises  the  solution.  After  some 
time  in  a  water  bath,  the  tubes  are  graded  accordii^  to  tint.  As  the 
mucous  membrane  does  not  become  active  in  the  Locke's  solution  the 
way  the  muscle  does,  the  decolorization  was  slower  and  the  gradation 
less  pronoimced.  In  fourteen  experiments,  however,  there  was  a 
definite  downward  tendency  from  the  duodeno-jejimal  region  to  the 
colon.  This  gradation  is  seen  also  in  the  following  six  experiments 
where  the  faded  tubes  were  titrated  back  to  their  original  color.    The 


figures  represent  drops  of  n/50  NaOH. 
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*  Althot^  the  data  are  few  and  somewhat  irregular  in  their  grada- 
tion, they  tend  strongly  to  confirm  the  conclusiona  arrived  at  from 
the  catalase  studies. 

Do  these  studies  throw  any  light  on  the  predilection  of  ulcer  for 
certain  re^oos?  We  believe  they  do  not.  According  to  Burge  and 
others  (7),  a  loss  of  oxidative  power  in  the  mucous  membrane  will  lead 
to  autodigestion  by  the  contained  ferments.  Magath  (8)  beUevea  that 
lumbricoid  worms  in  the  intestine  owe  some  of  their  immunity  to 
trypsin  to  the  presence  of  considerable  amounts  of  catalase  in  their 
integuments.  Our  studies  lend  little  support  to  these  views  because, 
if  conditions  in  man  are  similar  to  those  in  the  cat  and  dog,  the  favorite 
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Bite  for  ulcer,  in  the  upper  duodenuin,  must  have  a  very  high  catabtae 
content.  Tlie  low  catalase  content  of  the  mucous  membrane  in  the 
antrum  mi|^t  help  the  formation  of  ulcers  there  but  we  know  that  they 
often  are  found  well  up  on  the  lesser  curvature  where  the  catalase  con- 
tent should  be  hiffh. 

It  is  very  sugReetive  that  the  commonest  site  for  cancer  in  the  diges- 
tive tract,  the  lesser  curvature  near  the  pylorus,  should  have  the  lowest 
catalase  content.  The  next  lowest  place  in  the  animals  studied  would 
correspond  in  man  to  about  the  splenic  flexure,  another  common  site 
for  cancer.  Child  (9)  has  shown  with  simple  forms  of  life  that  the 
progressive  differentiation  of  the  cell,  with  the  gradual  accumulation 
of  more  or  lem  stable  structural  Bubstancee,  leads  to  senescence  and 
death.  If  the  rate  of  metabolism  be  greatly  slowed  by  adverse  cir- 
eumstances,  such  as  starvation  and  drying,  these  old  cells  may  use  up 
their  metaplaam;  they  dedifferentiate,  and  in  so  doing  reacquire  the 
faculty  of  growth  and  multiplication.  Goodpasture  (10)  has  just 
pointed  out  how  this  mechanism,  so  helpful  for  the  rejuvenation  of 
lower  forms  of  life,  can  become  a  menace  to  the  existence  of  bif^er 
forms.  It  may  be,  then,  that  these  regions  of  the  mucous  merobnme 
with  their  low  rates  of  metalwlism  are  most  senile  and  therefore  most 
BUHCPptible  to  cancerous  growth.  We  now  have  some  explanation  also 
for  the  remarkable  immunity  of  the  duodenal  mucosa  not  only  to 
primary  cancer  but  to  invasion  by  growths  beginning  in  the  stomach. 
Pathologists  have  often  wondere<l  why  thew  gastric  tumors  are  alwayB 
so  sharply  limited  at  the  pylorus.  A  glance  at  figure  1  shows  now,  ai 
might  have  been  expected,  that  there  arc  pronounced  differences  in 
the  metabolism  of  the  cells  on  the  two  sides  of  the  iiphincter:  differ- 
ences which  can,  runreivnlly,  favor  or  hinder  the  growth  of  cancer. 


There  is  considerable  evidence  for  the  \'iew  that  the  catalase  con- 
tent of  a  tissue  is  an  index  of  ittt  metabolic  activity. 

In  the  gastric  mucosa  the  catalase  content  is  graded  downwards 
from  the  rardla  to  the  pylorus.  Tlie  amounts  are  smaller  along  th« 
lemer  curvature  than  along  the  greater.  In  the  small  intestine  the 
amounts  are  graded  upwards  at  linit  to  the  middle  duodenum  and  then 
downwanls  to  the  ileo-oecal  sphincter. 

There  is  c<imparatively  Uttle  catalase  in  the  colonic  mucosa  and 
that  is  grath'il  df)wnwards  in  the  first  two-thinls  of  the  tube.    The  low 
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metabolic  activity  in  this  region  is  gainst  the  idea  that  colonic  auto- 
intoxication is  a  common  happening.  The  mucosa  of  the  rabbit's 
cecum  is  quite  rich  in  catalase.  It  shows  no  constant  gradation  from 
one  end  to  the  other. 

The  COt  production  of  equal  weights  of  mucosa  is  graded  from  the 
duodeno-jejunal  region  to  the  colon. 

These  graded  results  agree  quite  well  with  what  we  know  about  the 
digestive  activities  in  the  different  regions.  They  do  not  appear  to 
throw  any  light  on  the  predilection  of  ulcer  for  certain  locations. 

It  is  suggestive  that  the  commonest  site  for  cancer  has  the  lowest 
catalase  content.  This  region  with  its  low  rate  of  metabolism  is 
perhaps  most  senile  and  thus  most  disposed  to  malignant  change. 

The  abrupt  change  at  the  pylorus  to  a  mucous  membr&ne  with  a  high 
rate  of  metabolism  may  easily  account  for  the  sharp  limitation  of 
gastric  cancer  usually  found  at  that  point. 
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INTRODUCTION 

For  some  time  it  hu  been  recogniied  that  the  epithelial  portioQ  of  the 
hypoF^iysis  cerebri  consiat*  of  two  very  different  parta.  One  ia  hviky 
and  glandular  while  the  other  ia  a  thin,  epithelial  layer  cloaely  iuvertint 
the  neural  lobe.  The  two  parts  are  separated  by  a  cleft  which  is  the 
residuum  of  the  original  cavity  of  Rathke's  pocket.  To  the  former 
part  Peremeechko  (1)  has  i^)plied  the  name  "Korkscbicht"  and  to  the 
latter  "  Markschicht,"  while  Herring  has  termed  them  "anterior  lobe 
proper"  and  "para  intermedia"  respectively. 

Only  recently  has  it  been  shown  that  a  distinct  third  epithelial  lobe 
exists,  extending  nasalwards  from  the  junction  of  pan  intermedia  and 
anterior  lobe  proper,  to  surround  the  infimdibulum  and  to  spread  out 
for  a  variable  distance  under  the  brain  floor.  Because  of  its  close  rda- 
tion  to  the  tuber  cinereum  in  many  animals  Tilney  (2)  has  named  this 
part  the  "pars  tuberalis." 

The  pars  tuberalia  had  long  been  considered  aa  belonging  to  the  para 
intermedia.  In  fact  Herring  (3)  calls  it  the  "  tonguelike  process  of  the 
pars  intermedia"  and  the  "extension  of  para  intermedia  round  neck  of 
pituitary,"  althouj^  he  notps  that  it  is  more  vascular  than  that  part 
of  the  pars  intermedia  which  facea  the  cleft. 

Tilney  has  ahown  that  the  para  tuberalis  is  distinct  histologically 
and  embr>'ologically.  One  of  ub — Atwell  (4) — has  recently  given  a  full 
account  of  the  development  of  the  pars  tuberalia  in  the  rabbit.  It  is 
nhown  to  arise  from  a  pair  of  thickened  ridgea  which  are  situated  at 
the  nasal  side  of  liathkc's  porkvt  and  which — contrary  to  the  state- 
ments of  Tilney— are  dinrcrnible  very  early.  The  two  ridgea  develop 
into  the  lateral  lolie*  which  later  come  to  lie  spread  out  under  the  brain 
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floor  and  which,  fusing  with  each  other  acroBS  the  midline,  form  the 
pars  tuberalis  of  the  adult. 

The  pars  tuberalis  has  been  recognized  and  its  development  traced 
in  several  vertebrates.  Tilney  (2)  gives  a  brief  account  of  its  develop- 
ment in  the  cat  and  the  chick ;  Baumgartner  (5)  has  studied  its  develop- 
mental history  in  the  reptilia;  Parker  (6)  in  the  marsupialia;  and  Atwell 
(4)  in  the  rabbit  and  (7)  in  the  tailless  amphibia,  It  is  well  known 
that  the  ventral  sacs  of  the  hypophysis  of  certain  elasmobranchs  have  a 
pured  ori^n  and  Woerdemaon  (8)  has  homologized  these  sacs  with 
the  "lobuluB  bifurcatus"  (pars  tuberalis)  of  the  higher  vertebrates.  The 
history  of  the  pars  tuberalis  in  the  ganoids  and  the  teleosts  is  practically 
unknown  but  it  is  significant  that  three  different  epithelial  portions 
have  been  recognized.  Thus  Stendell  (9)  speaks  of  a  " Hauptlappen," 
a  "  Zwischenlappen"  and  an  "  Uebergangsteil."  Whether  the  last- 
named  portion  is  homologous  with  the  pars  tuberalis  of  other  verte- 
brates and  whether  it  arises  from  a  pair  of  anlagen  in  these  fishes  remain 
to  be  learned. 

The  constancy  with  which  the  pars  tuberalis  is  present  in  various 
vertebrates  bespeaks  for  it,  the  senior  author  was  ted  to  beheve,  some 
distinct  physiological  function.  Accordingly  the  present  study  was 
undertaken  with  a  view  to  determining  what  functions,  if  any,  are  pos- 
sessed by  it.  Since  the  para  tuberalis  has  been  most  often  confused 
in  structure  with  the  pars  intermedia,  our  first  endeavor  has  been  to 
compare  the  activity  of  extracts  prepared  from  these  two  parts.  This 
study  will  not  include  a  comparison  of  the  functions  of  the  pars  tuber- 
alis and  the  anterior  lobe  proper.  Further  experimentation  along  this 
Une  is  projected. 

THE   ANATOUr  OF  THE   BOVINE   HTPOPHTSIS 

In  our  work  we  have  made  use  of  the  pituitary  body  of  the  ox,  since 
it  is  large  and  easily  obtainable.  Because  the  topography  of  the  pars 
tuberalis  has  never  been  described  for  the  hypophysis  of  the  ox,  our 
physiological  experiments  were  necessarily  preceded  by  a  rather  careful 
morphological  study  of  the  gland.  It  is  extremely  impwrtant  to  recog- 
nise the  extent  and  relations  of  the  several  parts  of  the  organ  when  "  pure" 
extracts  are  to  be  made.  We  feel  that  the  finer  anatomy  of  the  hypo- 
physis too  often  has  been  neglected  by  physiological  workers. 

The  pituitary  body  as  ordinarily  received  from  the  packing  house  has 
been  torn  loose  from  the  brain  leaving  a  longer  or  shorter  stalk.    Such 
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glands  are  UDfavorable  for  microecopical  study  since  not  all  of  the  pan 
tuberalis  is  present.  By  carefully  removing  tbe  hypophysis  with  a 
considerable  portion  of  the  dieocephalon  and  bypothalaoiua  attached 
for  fixation  one  is  able  to  preserve  the  attachment  of  the  neural  stalk 
to  the  iufundibulum  together  with  the  entire  para  tuberalis. 

Figure  I  presents  a  diagnunmatic  mid-sagittal  section  through  the 
hypophysis  and  the  adjacent  brain  floor.  The  anterior  lobe  proper  (fine 
stipple)  makes  up  the  main  bulk  of  the  gland.  The  para  intermedia 
(black)  is  a  thin  epithelial  layer  closely  applied  to  the  neural  lobe.  Para 
intermedia  and  anterior  lobe  proper  are  separated  by  the  cleft  or  miidua] 
lumen  of  Rathke's  pocket.    Near  the  caudal  end  of  the  para  intermedia 


Fi|t.  1.  OiaRTunnutie  niMiuui  M^pttkl  wctioa  of  the  trnvinr  hyiraphyau.  nasal 
CDd  at  Ibe  r)|[ht.  X  4.  Lined,  neural  lobo.  neural  italk  and  hrain  wall;  black, 
para  intonnedia;  fine  *tipple,  para  anterior  propria:  euarae  atipple,  para  lul>crali«; 
inf.  r.,  inrundihular  tvcen;  c.  rone  of  Wulien. 

ii«  a  inann  of  cells  rpsenibling  the  anterior  lolw  in  nlruclure  (c,  fig.  I). 
This  is  the  cone  of  Wulien  (10).  We  are  able  to  confirm  the  rrixirts 
of  thin  olwerver  as  to  the  constancy  of  its  prraence.  In  nome  glantln 
(as  shown  in  our  Bg.  I )  the  cone  is  flattenc<l,  in  othcra  it  in  much  taller. 
It  is  charactericetl  by  tbe  presence  of  numerous  acidophile  cells  such 
as  are  so  abundant  in  the  anterior  lol>e  pniper. 

The  neural  lobe  (linetl,  fig.  I )  in  attachcfl  to  the  brain  floor  by  a  nar- 
row ntalk  into  which  the  infundibular  rrccjw  {inf.  r.)  exteiidn  for  some 
distance.  It  in  nurrouniting  thin  neural  stalk  that  (he  iMrs  tut>enilifl 
(coarse  stipple,  fig.  1)  is  to  be  found.  It  forms  a  thin  layer  varying 
from  0.25  mm.  to  l.R  mm.  in  thicknc?*'.     While  the  boundary  between 
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the  pars  tuberalis  and  the  pars  intermedia  is  fairly  well  defined,  the 
same  cannot  be  said  for  the  junction  of  the  pars  tuberalis  with  the  an- 
terior lobe  proper.  In  fact,  the  pars  tuberalis  seems  to  extend  for  a 
variable  distance  over  the  anterior  lobe  and  to  form  a  cortex  for  its 
nasal  end. 

Histologically  the  para  tuberalis  is  readily  distinguished  from  both 
the  pars  intermedia  and  anterior  lobe  proper.    It  does  not  contain  the 
eosinophile  cells  which  are  so  characteristic  of  the  anterior  lobe  and  it 
is  much  more  vascular  than  the  pars  intermedia.    Even  in  the  gross 
numerous  blood  vessels  may  be  dis- 
cerned,  disposed  in  an  antero-post«rior 
direction.     These  are  well  shown  in 
transverse  section  in  figure  2.     The 
cells  of  the  pars  tuberalis  are  arranged 
in  small  blind  tubules  or  acini,  the 
walls  of  which  are  composed,  generally, 
of  one  layer  of  cells  (fig.  3) .     Occasion- 
ally the  lumen  of  an  acinus  is  slightly 
distended  by  an  accumulation  of  homo- 
geneous material  which  takes  a  faint 
eosin  stain.    Many  acini  do  not  show  a 
distinct  lumen.     The  cells  of  the  pars 
tuberalis  are  lighter  than  those  of  the 

pars  intermedia  although   both  have  pig.  2.    TrauBverae  section  of 

been  described  as  "chromophobe."  the    hypophyseal    stalk.     X   20. 

Some  difference  of  opinion  seems  to  Neural  stalk  (light)  is  in  center 
exist  concerning  the  presence  of  hyaUn  ""^  ie  Burrounded  by  the  pars 
,,..,,  1    ■  .  T       ■  tuberalis  which  shows  numerous 

bodies    m    the    neural    lobe.      Lewis,       ^lood  vessels;  in/,    r.,  intundib- 
MiUer  and  Matthews  (11)  state  that      ular  recess, 
such  bodies  do  not  form  a  striking 

picture  in  the  histology  of  the  ox  hypophysis.  Herring  (12)  on  the  other 
band  finds  them  very  pronounced,  some  showing  the  remains  of  swollen 
nuclei;  "others  are  in  a  more  advanced  stage  of  alteration  and  form 
rounded,  oval  or  irregular  colloid  masses."  We  must  agree  with 
Herring  that  hyalin  bodies  are  fairly  numerous  in  the  tissues  of 
the  neural  lobe  and  that  they  are  also  to  be  found,  though  less 
abundantly,  in  the  neural  stalk.  After  routine  methods  of  prepara- 
tion (formaUn  fixation,  hematoxylin  and  eosin  staining)  the  hyalin 
bodies  show  a  faint  eosin  color  i^nd  might  be  very  easily  overlooked. 
After  a  modified  Weigert  hematoxylin  and  van  Gieson  connective  tissue 
stain,  however,  they  arc  a  very  dark  gray  and  stand  out  prominently. 
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They  often  contam  in  their  ceDters  d&rker  ataiiuDK  msaBes.  Whether 
or  not  these  are  degenflrating  nuclei,  na  claimed  by  Herring,  we  are 
not  prepared  to  8tat«. 

The  hyalin  bodies  found  in  the  neural  lobe  are  different  chenucalljr 
from  the  ooutents  of  the  acini  of  the  pars  tuberalie.  This  is  cleariy 
shown  in  the  Weigert-van  Gicflon  stain.  While  the  hyalin  mil  sew 
■tain  a  dark  gray  color  the  material  in  the  acini  is  colored  a  light  yel- 
low. It  BeemB  most  likely  that  the  hyalin  bodies  are  derived  from  the 
pars  intermedia  and  enter  the  neural  lobe  secondarily,  as  maintained  by 
Herring.  We  do  not  believe  that  the  pars  tuberalis  takes  any  part  in 
their  formation. 

THE   PBEPiiRATION   OF  EXTRACTS 

For  the  purpose  of  comparing  the  activity  of  the  para  tuberalis  and 
the  pars  intermedia  we  endeavored  to  prepare  "pure"  extracts  which 
(.  t  would  contain  the  active  principle  or  princi- 

ples of  each  part  separately.    By  using  the 
methods  of   Lewis,  Miller  and   Matthews 
(11)  and  of  Herring  (12),  it  was  found  a 
comparatively  easy  nutter  to  obtain  the 
pars  intermedia  substance  in  the  pure  con- 
dition.   Upon  separating  the  anterior  lobe 
proper  from  the  "posterior  lobe"  (which 
consists  of  neural  lobe  and  the  closely  invest- 
ing pan  intermedia),  by  cutting  around  the 
margins  of  the  cleft,  the  surface  of  the  pars 
FU   3.    Section  of  pm     intermedia  is  exposed.      Its  color  u  usually 
tub«raluor  bovimbypopby-     distinctive  ranging  throu|^  almostall  shades 
sis.    X  300.   I.,  Inniea  of  an     of  yellow,  orange  and  brown.     There  is  no 
meinuf  di»t«nded  by  a  until     marked  intermingling  of  nervous  and  pars 
wnount    of  grtnulM   ».-     intermedia  tissues  in  the  ox  (cf.  fig.  1).    By 
t«riBl;c.t., connective  tuiite:  .       ,  „  ... 

r..oneoftbe«mllerve«eli.  U"^.  »  P»«f  of  Small  curved  scissors  and 
working  where  the  para  intermedia  is  the 
thickest  (near  the  caudal  end  of  the  gland)  it  is  powtible  to  snip  off  small 
pieces  of  the  yellowish  tissue  without  cutting  dcop  enough  to  include  any 
of  the  neural  lolie,  which  is  gray.  Care  was  taken  to  avoid  the  margins 
of  the  cleft  and  thus  we  are  sure  that  we  prp\'ent(Hl  mnlaminatifin  from 
the  anterior  lobe  proper  or  from  the  pare  tubcralii<.  The  cone  of 
Wulsen  was  readily  rerogniied  and  was  alwayn  aviiide<l. 
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The  separation  of  the  para  tuberalis  from  the  neural  stalk  which  it 
inveets  has  been  supposed  to  be  impossible.  For  example  Herrii^  (12) 
states,  in  reference  to  his  "tongue-like  process  of  the  para  intermedia" 
and  the  neural  stalk, '  'it  would  be  impossible  to  dissociate  the  two  tis- 
sues at  this  level."  After  a  careful  study  of  the  physical  properties 
of  the  two  tissues,  however,  we  have  found  that  they  may  be  separated 
very  satisfactorily.  The  pars  tuberalis  is  well  supported  by  connec- 
tive tissue  which  ramifies  throughout  its  substance  (fig.  3).  On  this 
account  it  is  tough  and  not  readily  broken.  The  tissue  of  the  neural 
stalk,  on  the  other  hand,  is  soft  and  friable. 

After  some  experimenting  it  was  found  that  the  most  satisfactory 
procedure  was  as  follows:  the  stalk  of  the  gland  (the  neural  stalk  and 
the  surroundii^  para  tuberalis)  was  cut  transversely  a  sufficient  dis- 
tance anterior  to  its  attachment  to  the  gland  to  avoid  the  pare  inter- 
media and  the  anterior  lobe  proper.  The  short  cylinder  was  laid 
upon  a  clean  glass  plate  and  the  pare  tuberalis  slit  its  length  with  fine 
scissore.  It  was  then  found  to  be  a  comparatively  easy  matter  to  peel 
off  the  pare  tuberalis  as  a  thin,  tough  membrane.  Any  adhering  pieces 
of  nervous  tissue  were  removed  by  gentle  scraping  with  a  blunt  scalpel. 
Both  the  pare  tuberalis  and  the  neural  stalk  tissues  were  saved. 

For  the  preparation  of  extracts,  then,  we  had  pure  para  intermedia, 
pure  tissue  of  the  neural  stalk,  and  pare  tuberalis  which  had,  perhaps, 
a  small  amount  of  neural  stalk  substance  adherii^  but  which  certainly 
was  uncontaminated  by  inclusion  of  any  of  the  pare  intermedia  or  of 
the  anterior  lobe  proper. 

From  these  tissues  we  at  firat  prepared  extracts  by  macerating  the 
fresh  gland  substance  in  a  mortar  and  then  boiling  it  with  dilute  acetic 
acid  as  described  by  Roth  (13)  so  that  each  cubic  centimeter  of  the 
completed  extract  represents  the  water-soluble  constituents  from  1 
rogm.  of  fresh  gland  substance.  We  found  this  dilution  entirely  too 
weak  for  most  of  our  experiments  so  that  later  we  prepared  extracts 
having  a  strength  of  10  per  cent  of  the  fresh  gland.  Each  cubic  centi- 
meter of  the  stronger  extract  represents  the  water-soluble  constituents 
from  100  mgm.  of  fresh  gland  substance.  Dilutions  of  this  extract 
were  made  as  required.  In  certain  instances  comparisons  were  made' 
between  the  action  of  these  extracts  and  of  commercial  pituitrin  and 
adrenalin. 
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THE  ACTtOK  OF  EXTRACTS 


Since  the  discovery  in  1895  by  Oliver  and  Sch&fer  (14)  that  extracts 
of  the  pituitary  pody  contain  an  active  physiological  aubstance,  a 
number  of  studies  have  been  made  attempting  to  determine  the  origiD 
of  thin  subetance.  Howell  (15)  soon  found  that  the  active  principles 
are  resident  in  the  posterior  lobe  and  not  in  the  anterior,  an  observation 
which  has  been  confirmed  repeatedly.  In  1008  Herring  (3)  showed  from 
histological  evidence  that  the  "posterior  lobe  owes  its  activity  to  the 
investing  epithelial  layer,  the  pars  intermedia."  Crowe,  Gushing  and 
Hotnans  (16)  concur  with  Herring  in  stating  that  hyalin  bodies  pass 
into  the  third  ventricle.  Gushing  and  Goetsch  (17)  obtained  a  pressor 
effect  by  injecting  concentrated  human  cerebro-spinal  fluid  into  rab- 
bits. Carlson  and  Martin  (18),  however,  were  not  able  to  obtain  a 
pressor  effect  from  the  cerebro-spinal  fluid  of  normal  dogs. 

Lewis,  Miller  and  Matthews  (11)  made  extensive  studies  upon  the 
activity  of  extracts  from  various  parts  of  the  ox  pituitary.  From  ex- 
tracts of  pure  pars  intermedia  they  obtained  a  pressor  effect  on  dogs. 
These  authors  tested  extracts  made  from  the  stalk  of  the  gland  or 
"infundibular  walls"  and  failed  to  obtain  pressor  effects.  On  this  ac- 
count they  doubt  the  passage  of  secretion  from  the  neural  lobe  into  the 
third  ventricle.  Biedl  was  able  to  confirm  the  observation  that  a  pres- 
sor substance  is  yielded  by  extracts  of  the  pure  pars  intermedia,  but 
he  failed  to  obtain  constantly  such  effects  from  the  neural  lot>e.  Her- 
ring found  that  the  pars  intennedia  of  the  ox  pituitary  )-ieldH  asubstance 
which  stimulates  uterine  contraction  and  increases  the  secretion  of  milk 
but  which  exercises  little  if  any  pressor  effect  in  the  cat.  Extracts  of 
the  neural  lol>e  were  found  "to  yield,  in  relatively  larger  amount,  the 
material  which  stimulateit  the  uterus  and  acts  as  a  galactagogue."  In 
addition,  extracts  of  the  neural  lobe  produce  a  rise  of  blood  prrsinure  in 
the  cat. 

The  use  of  pituitary  extracts  to  xtimulate  periHlalfio  in  cases  of  pout- 
operative  intmtinal  stasis  has  t>eoome  quite  general  »ince  itx  suggestion 
by  Bell  and  Hick  (19).  Duffy  (20)  has  recently  reviewed  the  hterature 
and  strongly  rccommcmlit  pituitary  extract  for  the  relief  of  intestinal 
parcxiB.  Certain  autliora.  however,  have  noted  that  inhibition  of  the 
normal  intestinal  rhythm  may  l>e  produced  by  pituitary  extracts. 
Bayer  and  Peter  (21)  Ufing  0.4  to  5.0  cc.  of  pituitrin  in  15  to  20  cc. 
Ringer's  solut  ion  obtainetl  inurk<'<l  Blowing  and  inhibit  ion  of  the  rhythm 
ut  sctonents  of  rabbit  int^ittine.     Shamoff  (22)  iwii  a  niurb  greater 


Digitized  by  VjOOQIC 


EXTRACTS  OF  SEVERAL   PARTS  OP  OX   PITmTAItT  83 

dilution  and  obtaioed  inhibition  of  activity  on  the  isolated  intestinal 
segment.  When  1  mgm.  of  dried  posterior  lobe  substance  was  shaken 
up  in  5  cc.  of  Ringer's  solution  and  later  the  clear  fluid  decanted  and 
added  to  the  Rii^r's  solution  containing  the  intestinal  segment,  a 
distinct  inhibitory  eEFect  was  observed.  A  similar  effect  was  obtained 
with  certain  commercial  pituitary  extracts  in  a  dilution  of  1 :  5000. 
Hoskins  (23)  observed  inhibition  of  peristalsis  in  the  intact  intestine  of 
the  dog  following  intravenous  injection  of  pituitrin,  and  also  following 
injection  of  saline  extracts  prepared  from  the  desiccated  gland.  Roth 
(13)  obtained  inhibition  of  the  intestinal  segment  of  the  rabbit  in 
pituitrin  diluted  1 :  40.  He  ascribes  the  inhibitory  effect  to  the  pres- 
ence of  chlorbutanol,  which  is  \ised  as  a  preservative  in  this  pituitary 
extract. 

Our  experiments  include  tests  made  to  determine  what  action,  if 
any,  is  possessed  by  the  pars  tuberalis  of  the  ox  pituitary  upon  the 
isolated  uterine  segment^  the  isolated  intestinal  segment,  and  what 
action  upon  the  blood  pressure  of  the  rabbit  and  of  the  dog, 

a.  Upon  the  isolated  tUerine  segmerU.  The  effect  of  extracts  of  the 
pars  tuberalis  and  of  the  pars  intermedia  was  tested  upon  the  isolated 
uterine  segment  of  young  guinea  pigs.  The  method  described  by  Dale 
and  Laidlaw  (24)  was  followed.  The  uterus  of  a  virgin  guinea  pig  weigh- 
ing 300  to  350  grams  was  employed.  It  was  suspended  in  about  100 
cc.  of  oxygenated  Locke's  solution  and  maintained  at  38  to  39°C.  Meas- 
ured quantities  of  the  extracts  to  be  tested  were  added  to  the  Locke's 
solution  and  allowed  to  act  until  a  maximum  contraction  had  been 
obtained.  This  was  ordinarily  not  longer  than  thirty  seconds.  After 
watting  with  fresh  Ringer's  at  least  five  minutes  was  allowed  before 
another  test  was  attempted. 

The  extracts  used  were  the  weaker  (Roth's  "standard"),  each  cubic 
centimeter  representing  the  water-eoluble  principles  from  1  mgm.  of  the 
fresh  gland.  In  a  preliminary  test  2  cc.  of  pars  intermedia  extract 
elicited  a  contraction  of  35  mm.,  while  2  cc.  of  pars  tuberalis  extract 
gave  a  contraction  of  only  5  mm.  The  record  of  one  series  of  readings 
obtained  consecutively  is  given  in  table  1,  page  84. 

Computing  from  this  table,  the  average  contraction  value  in  milli- 
meters for  each  cubic  centimeter  of  pars  intermedia  extract  is  33;  while 
the  same  average  value  per  cubic  centimeter  of  pars  tuberalis  extract 
is  4.45  mm.  Thus  we  find  that  extracts  of  the  pars  tuberalis  are  very 
much  inferior  to  extracts  of  the  pars  intermedia  in  producing  contrac- 
tion of  the  isolated  uterus  of  the  guinea  pig.     By  computing  the  rela- 
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tive  activity  of  the  two  extracts  it  will  be  aeeD  that  the  para  intermedia 
extract  is  approximately  seveo  times  as  powerful  as  the  pan  tuberalis 
extract. 

6.  Upon  the  isolated  itUettinal  aef/ment.  Hie  several  pituitary  extracts 
were  tested  for  their  effects  upon  the  isolated  intestinal  segment  of  the 
rabbit.  Commercial  pituitrin  was  also  tested  in  a  number  of  dilutions. 
The  rabbit  was  stimned  by  a  blow,  then  bled,  this  procedure  being 
chosen  to  avoid  the  inhibitory  effect  produced  by  an  anesthetic.  The 
intestinal  segment  was  suspended  in  warm  oxygenated  Ringer's  solu- 
tion in  the  same  apparatus  used  for  the  uterine  segment  experiments. 

We  have  not  observed  inhibition  of  intestinal  rhythm  by  the  action 
of  pituitary  extracts  except  in  rather  weak  dilutions.  Comparatively 
strong  extracts  increased  the  activity  of  the  segment.    When  0.5  cc. 


TABLE  1 
Uterut  ItMt 

unAnnnpiam 

""r"-sr" 

PmniBUf 

PHINbHlJB 

34.0 

i:t» 

23 

ft:  OS 
S:IO 

1  cc.  pirn  inUnnedU 

0.8  cc.  pan  liit«mi«dlB 

of  10  per  cent  extract  of  para  intermedia  is  added  to  the  segment  con- 
tracting spODtaneouily  in  100  cc.  Ringer's  solution,  a  slowing  of  the 
riijrtluD  and  a  strengthening  of  the  contractions  is  produced.  A  similar 
effect  was  caused  by  the  addition  of  0.5  cc.  of  pituition,  except  that 
the  effect  was  more  marked. 

Inhibition  of  intestinal  activity  was  obtained  in  certain  cancn  by  the 
use  of  very  dilute  extracts.  Like  Shamoff,  we  find  that  the  inhibitory 
effect  is  not  a  constant  phenomenon.  On  one  occasion  a  clear-cut  case 
of  inhibition  was  obtained  by  shaking  1  mgm.  of  dried  pars  intermedia 
with  5  cc.  of  Ringer's  solution  and  adding  the  supernatant  fluid  to  the 
test  bath.  The  similar  use  of  1  mgm.  of  drieil  pare  tul>eralis  failed  to 
produce  an  inhibitory  effect. 
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In  figure  4  is  shown  the  effect  produced  by  A ,  0.2  cc.  of  1 :  1000  adre- 
Dalin  chloride; ;?,  5  cc.  of  Ringer's  solution  shaken  up  with  1  mgm.  dry 
pais  intermedia;  and  C,  5  cc.  Rii^r's  shaken  up  with  1  mgm.  dry  pats 
tuberalis. 

c.  Upon  the  blood  pressure,  t.  Of  the  rabbit.  A  female  rabbit  weigh- 
ing 3.6  kilos  was  anesthetized  by  paraldehyde  per  oa;  the  right  jugular 


Fig.  4.  To  show  the  effect  of  various  extracts  upon  the  isolated  intestinal  seg- 
ment  o[  the  rabbit  contracting  spontaneously  in  oxygenated  Ringer's  solution. 
DownatToke  represents  contraction. 

vein  was  exposed  for  the  administration  of  extracts  and  changes  in 
blood  pressure  were  recorded  from  the  left  carotid.  The  extracts 
tested  in  this  experiment  were  of  the  weaker  variety  (1 :  1000  of  the 
fresh  gland).  The  intravenous  injection  of  1  cc,  2cc.  orScc.  of  1: 1000 
extract  of  pars  tuberalis  failed  to  call  forth  any  pressor  effect.  The 
administration  of  2  cc.  of  1 :  1000  extract  of  pars  intermedia,  however, 
elicited  a  slight  rise  of  pressure  while  5  cc.  of  the  same  extract  produced 


Digitized  by  VjOOQIC 


86  W.  J.   ATWELL  AND  C.  J.  UABINDB 

a  well-defined  rim  (fig.  5).    The  preasor  effect  wu  of  ccMppuatively 
short  duration. 

We  find,  then,  that  an  extract  of  the  isolated  pan  intermedia  of  the 
ox  pituitary  has  a  distinct  pressor  effect  upon  the  blood  pressure  of  the 
rabbit  when  injected  in  amounts  as  small  as  the  equivalent  of  2  to  5 
mgm.  of  the  fresh  gland  substance.  Equal  amounts  of  the  para  tuber- 
alis  fail  to  produce  a  rise  in  pressure. 


Pig.  S.  To  ihow  thv  effect  upon  the  hlood  pmaure  of  tbe  rabbit  following  intn- 
T«D(HU  injection  of  pure  p.iri  intermedia  eitnct.    Time  >•  in  aecondi. 

f .  0/  the  dog.  Intravenous  injection  of  0.3  cc.  pituitrin  made  up  to 
5  cc.  in  salt  solution  produced  a  typical  prolonged  rise  of  pressiue  pre- 
ceded by  a  brief  depression.  After  about  thirty  minutes  0.6  cc.  of  10 
per  cent  extract  of  pars  intermedia  in  5  cc.  salt  solution  called  forth  a 
strilungly  similar  reaction  consisting  of  a  preliminary  depression  and  a 
subsequent  prolonged  rise. 

In  two  experiments  the  effects  of  intravenoUH  injrrlionn  of  commercial 
pituitrin,  extract  of  pars  tuberalis  and  extract  of  neural  stalk  were 
compared.  The  two  experiments  gave  similar  n>«iulls  and  only  the 
data  from  experiment  2  will  be  pretx-ntetl  in  detail. 
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A  male  dog  weighing  20  kilos  was  anesthetized  by  intraperitoneal 
injection  of  chloretone  in  olive  oil.  The  extracts  were  introduced  into 
the  left  femoral  vein  and  the  blood  pressure  record  was  obtained  from 
the  left  carotid  artery.     The  extracts  of  pars  tuberalis  and  of  neural 

TABLE  » 
Blood  preiture  in  the  dog 


■nioTSLoOBrus- 

■o. 

DM! 

"*""" 

TSMOrMUH^n 

«. 

■•■I. 

A 

Phb  tuberalia 

6.5 

B 

Part  tuboraliB 

14,6 

C 

Neural  stalk 

36.5 

D 

Para  tuberalis 

6.6 

E 

Pituitrin  i>. 

160 

P 

Neural  stalk 

19.0 

G 

Pars  tuberalis 

12.0 

H 

1 

Neural  stalk 

20.5 

I 

Pars  tuberalis 

12.0 

J 

Pituitrin  A 

18.0 

Stimmarjt  from  table  I.    Avemgei  of  blood  pretewe  reaetiofu  (rise  of  blood  prtuurt, 
in  miUinelert) 


lOC- 

tea. 

-■"i^""- 

""VST"' 

16.0 
18.0 

6.5 
6.6 

14.6 
12.0 
12.0 

19.0 
20.5 

36.6 

At.     17.0 

6.5 

12.8 

19.7 

30.6 

Average  preteor  oalve  in 

nrmTBinA 

ruMTiT»muu 

HIDBlblMU 

17.0 

3.2 

19.0 

stalk  used  io  this  experiment  were  equivalent  to  10  per  cent  of  the 
fresh  gland;  that  is,  each  cubic  centimeter  of  the  extract  represented 
the  water-soluble  constituents  of  100  mgm.  of  fresh  gland  substance. 
The  pituitrin  used  was  diluted  to  one-teath  the  strength  of  commercial 
pituitrin. 
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Computing  from  the  above  data  it  is  seen  that  a  10  per  cent  extract 
of  neural  stalk  is  somewhat  more  powerful  in  raising  blood  pressure 
in  the  dog  than  is  ao  equal  amount  of  10  per  cent  pituitrin.  Extracts 
of  the  pars  tuberalis  are  very  inferior  to  those  of  the  neural  statit  in 
pressor  effect.  Numerically  expressed,  extracts  of  the  neural  stalk  are 
almost  six  times  as  powerful  as  extracts  of  the  pars  tuberalis. 

DtscusaioN 

Our  observations  have  shown  that  extracts  of  the  pars  tuberalis  are 
very  inferior  to  extracts  of  the  pars  intermedia  in  producing  contraction 
of  the  isolated  uterine  segment  and  likewise  are  inferior  to  extracts  of 
the  neural  stalk  in  raising  the  blood  pressure  of  the  dog.  Two  things 
especially  are  to  be  noted.  First:  the  pressure  curves  produced  by 
these  three  extracts  are  similar,  indicating  that  we  are  dealing  with 
one  substance  or  at  least  with  the  same  group  of  substances  in  all  cases. 
Second:  the  method  of  preparation  of  the  extracts  makes  it  certain 
that  the  pars  intermedia  and  neural  stalk  extracts  were  pure,  but  it  is 
highly  probable  that  the  pars  tuberalis  extract  was  contaminated  by 
the  inclusion  of  small  amounts  of  the  neural  stalk. 

It  is  our  belief  that  the  active  effects  shown  by  extracts  of  the  pars 
tuberalis  are  due  to  the  inclusion  of  neural  stalk  substance.  In  other 
words  we  believe  that  if  an  extract  of  the  pars  tuberalis  could  be  ob- 
tained in  an  abeolutcly  pure  condition  it  would  not  be  capable  of  the 
active  effects  which  we  have  noted. 

Lewis,  Miller  and  Matthews  (11)  failed  to  obtain  a  pressor  effect 
from  extracta  of  the  "infundibular  walls"  and  so  concluded  that  there 
is  a  distinct  break  in  the  path  of  secretion  between  the  neural  lobe  and 
the  third  ventricle.  At  the  time  these  authors  performed  their  experi- 
ments the  existence  of  the  pars  tuberalis  as  a  distinct  lobe  bad  not  been 
recognised.  It  has  been  our  obserration  that  in  glands  received  from 
the  packing  house  there  is  considerable  retraction  of  the  soft  neural  tis- 
sue in  the  centre  of  the  stalk,  leaving  a  false  "  inf uodibulum"  the  walls 
of  which  are  composed  mainly  of  the  pars  tuberalis.  This  tissue  is  very 
feeble  in  producing  pressor  effects,  as  we  have  shown.  In  the  prepara- 
tion of  our  neural  stalk  extract  we  used  only  careful  isolated  neural  tis- 
aue  and  have  obtained  constantly  a  striking  pressor  effect  on  the  dog. 
It  isbeLeved  that  thiflobeer\'ation  removes  the  objection  made  by  Lewis, 
^filler  and  Matthews  against  the  putvibility  that  secretion  may  pass 
from  the  neural  lol>e  into  the  third  ventricle  via  the  neural  stalk. 
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Biedl  (25)  states  that  extracts  of  pure  neural  tissue  of  the  hypophysis 
do  not  produce  a  pressor  effect,  but  Herring  has  controverted  this  state- 
ment since  he  has  been  able  to  obtain  constantly  a  rise  of  pressure  in 
cats  with  such  extracts.  Our  obaervationa  on  the  effects  produced  by 
extracts  of  the  isolated  neural  stalk  lend  support  to  the  contentions  of 
Herring. 

Lewis,  Miller  and  Matthews  and  likewise  Biedl  obtained  a  marked 
rise  of  blood  pressure  in  the  dog  by  intravenous  injection  of  pure  pars 
intermedia  extracts.  Herring,  however,  failed  to  obtain  similar  effects 
in  the  cat.  We  have-  obtained  strong  pressor  effects  in  the  dog,  thus 
confirming  the  observations  of  Iiewis,  Miller  and  Matthews  and  of 
Biedl.  Of  course,  as  Herring  suggests,  the  difference  of  results  obr 
tained  may  be  due  to  differences  in  reaction  peculiar  to  the  species  of 
animal  used.  We  have  not  tested  the  effect  of  pars  intermedia  extract 
on  the  cat  but  we  are  able  to  state  that  in  the  rabbit  an  extract  repre- 
senting  as  little  as  5  mgm.  of  fresh  pars  intermedia  of  the  ox  causes  a 
distinct  rise  of  pressure. 

The  depression  or  complete  inhibition  of  intestinal  activity  which 
sometimes  follows  administration  of  pituitary  extracts  is  as  yet  an 
imperfectly  understood  phenomenon.  In  reviewing  the  results  of  those 
few  observers  who  have  obtained  such  deprrasion  one  is  struck  by  the 
wide  variance  of  concentration  in  the  extra_t;ts  used.  Of  authors  who 
record  depression  with  the  isolated  intestinal  segment  Bayer  and  Peter 
(21)  and  Roth  (13)  used  comparatively  concentrated  solutions,  while 
Shamoff  (22)  and  ourselves  have  used  very  dilute  solutions.  Hoskina 
(23)  alone  has  recorded  inhibition  of  activity  in  the  intact  intestines. 

Bayer  and  Peter  obtained  inhibition  by  the  use  of  from  2  to  5  cc. 
pituitrin  in  15  to  20  cc.  Ringer's  solution,  and  Roth  observed  inhibition 
when  the  intestine  segment  was  suspended  in  pituitrin  diluted  1 :  40. 
Roth  ascribes  the  inhibitory  effect  to  the  chlorbutanol  present  in  this 
pituitary  extract  since  he  obtained  a  similar  inhibition  with  a  solution 
containing  an  equivalent  amount  of  chlorbutanol  alone.  This  is  prob- 
ably the  correct  explanation  when  inhibition  is  obtained  in  such  enor- 
mous concentrations.  But  this  certainly  does  not  apply  to  the  inhibi- 
tions recorded  by  Shamoff  who  did  not  use  ordinary  pituitrin  and  who 
obtained  only  slight  depression  with  "pituitrin  A,"  while  he  obtained 
more  distinct  inhibition  with  other  commercial  preparations  as  well  as 
with  extracts  prepared  from  fresh  and  dried  glands. 

The  only  inhibitioa  of  chnical  interest  is  that  resulting  from  the 
weaker  dilutions  since  it  is  numifestly  impossible  to  attain  a  concentra- 
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tion  Hs  gntit  u  1 :  40  for  instance,  in  the  living  animal.  Further  ob- 
servatioDB  on  the  intact  intestine  are  necessary  to  determine  iriwther 
such  inhibitory  effects  constitute  an  indication  against  the  use  of  pitui- 
tary extract*  for  the  relief  of  intestinal  stasis. 

SUHMART  AND  CONCLUSIONS 

1.  A  "  para  tuberalis"  may  be  distinguished  in  the  bovine  hypophysis. 
It  differa  histologically  from  both  the  pare  intermedia  and  the  pars 
anterior  propria. 

2.  Ilie  pars  tuberalis  may  be  separated  fairly  definitely  fnHD  the 
neural  stalk  which  it  invests  and  may  be  obtained  in  sufficient  quantity 
for  the  preparation  of  extracts. 

3.  Tht  extract  of  pars  tuberalis  so  obtained  is  doubtless  contami- 
nated by  the  presence  of  small  amounts  of  neural  stalk  substance  but 
it  is  certain  that  there  is  no  admixture  of  tissue  from  the  pars  intermedia 
or  from  the  pars  anterior  propria. 

4.  Extracts  of  the  pars  tuberalis  are  very  inferior  to  extracts  of  the 
pars  intermedia  in  producing  contractions  of  the  isoUted  uterine  em- 
inent and  are  likewise  inferior  to  extracts  of  the  neural  stalk  in  raising 
the  blood  pressure  of  the  dog.  Extracts  of  the  pars  tuberalis  equiva- 
lent to  5  mgm.  of  fresh  gland  substance  failed  to  produce  a  rise  of  blood 
pressure  in  the  rabbit. 

5.  It  is  believed  that  the  active  effects  displayed  by  extracts  of  the 
pars  tuberalis  are  due  to  an  inclusion  of  some  of  the  neural  stalk  sub- 
stance during  the  preparation  of  the  extract.  It  would  seem  im- 
probable that  the  pare  tuberalis  is  responsible  for  the  origin  of  ac- 
tive principles  which  increase  uterine  contraction  or  raise  the  blood 
pressure. 

6.  An  extract  of  the  pure  pars  intermedia  of  the  ox  is  capable  of  pro- 
ducing a  strong  pressor  effect  when  injected  intravenously  into  the  dog. 
In  thin  we  confirm  the  observations  of  Lewis,  Miller  and  Matthews  and 
of  Biedl.  We  are  able  to  add  that  an  extract  of  pure  pare  intermedia 
repre(K>nting  5  mgm  of  the  fresh  gland  substance  produces  a  distinct 
rise  of  blocxl  pretwure  in  the  rabbit. 

7.  An  extract  of  the  pure  neural  stalk  is  fairly  poworful  in  producing 
a  rise  of  blood  prettmire  in  the  dog.  This  removes  one  objection  to  the 
possiltihty  that  the  nccretion  of  the  pars  intermnlia  jmerntt  into  the 
neural  lobe  and  then,  no  the  neural  xtalk,  into  the  third  ventricle. 
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STUDIES  ON  THE  PHYSIOLOGY  OF  REPRODUCTION   IN 
BIRDS 

VIII.  The  Eftectb  of  Quinine  on  the  Pboditction  of  Eoo  Yolk 
AND  Ego  Albwen 

OSCAR  RIDDLE  akd  CARL  E.  ANDERSON 

From  the  Station/or  BxptrimetUal  Bvolution,  Cold  Spring  Harbor,  Long  I$land,  N.  Y. 
Received  for  publicatioa  July  13,  1S18 

It  U  well  kDown  that  small  quantitiee  of  quinine  produce  in  man  and 
mammala  a  marked  change  in  the  metabolism  of  the  nitrogenous  con- 
stituents of  the  tissues.  An  early  increase  of  nitrogenous  bodies  found 
in  the  urine  is  soon  followed  by  a  prolonged  period  of  markedly  dimin- 
ished amoimts  of  the«e  substancee,  especially  urea  and  uric  acid.  That 
nitrogenous  food  is  not  dissipated  so  rapidly  but  is  stored  in  the  body 
in  some  form,  was  shown  by  v.  Koordcn  (1)  in  individuals  kept  under 
constant  diet.  In  these  cases  the  absorption  of  nitrogen  was  unchanged, 
its  excretion  was  diminished  and  the  diminution  was  continued  for 
two  or  more  days  after  the  dosage  with  quinine  was  stopped.  Our 
knowledge  of  the  effect  of  quinine  on  the  oxidation  of  the  tissues  includee 
some  observations  which  are  not  easily  harmonized.  It  has  been  stat«d 
that  in  relatively  undifferentiated  protoplasm — in  the  simpler  protoaoa 
(2)  and  in  the  ovum  (3)  of  echinodenns — quinine  retards  oxidation. 
On  these  same  forms,  however,  quinine  was  recognised  as  a  general 
protoplasmic  poison  and  it  seems  to  us  probable  that  the  observed  re- 
duction of  the  oxidations  was  essentially  a  phase  of  the  poisoning  by 
the  drug.  In  the  differentiated  tissues  of  the  healthy  human  adult, 
where  the  methods  of  measuring  the  rate  of  oxidation  have  been  mudi 
more  adequate,  the  results  have  shown  that  there  is  no  diminution  of 
oxygen  consumption  and  no  decrease  in  the  output  of  carbon  dioxid« 
under  quinine. 

Conditions  present  in  birds  offer  unusual  advantages  for  first,  a 
study  of  the  nitrogen  conserving  action  of  quinine  in  the  case  of  a  gland 
(the  oviduct  or  uterus)  whoM-sole  product  or  secretion  (egg  albumen),  in 
BO  far  as  the  egg  is  concerned,  is  almost  exclusively  protein ;  second,  the 
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similar  action  of  quiniDe  on  the  utilization  of  nitrogen  in  the  last  and 
rapid  stages  of  growth  of  the  ovum  (yolk) ;  third,  the  possibilities  of 
testing  the  developmental  capacities  of  such  modified  ova.  Concern- 
ing Uie  latter  it  may  be  said  that  the  ova  of  pure  species  of  doves  and 
pigeons  have  been  fomid  by  one  of  us  (4)  to  show  two  kinds  of  eggs 
in  respect  of  their  metabolic  and  size  differences  and  that  these  two 
levels  of  metabolism  (which  involve  size  as  one  known  differential) 
have  been  correlated  each  with  a  different  sex  of  the  prospective 
individuals  which  are  developed  from  these  two  kinds  of  eggs. 

Tlie  present  paper  is  concerned  partly  with  the  effects  of  the  quinine  on 
the  utilization  of  protein  by  the  oviduct  and  the  ovum  and  partly  with 
a  demonstration  of  a  definite  change  in  the  size  of  the  ova  developed 
under  quinine.  These  ova  (yolks)  are  smaller.  The  sex  data  derived 
from  the  incubated  ^gs  of  birds  dosed  precisely  as  were  those  of  this 
Beri^s  are  being  accumulated.  Those  data  must,  however,  be  consid- 
ered in  a  later  publication.  Besides  showing  a  decreased  size  of  the 
ova,  which  decrease  continues  for  several  days  after  the  dosage  is  dis- 
continued, the  data  herewith  pven  supply  evidencethat  quinine  causes 
a  reduction  from  the  expected  or  nonnal  amounts  of  e^  albumen 
(white  of  egg) .  It  is  highly  probable  that  after  a  few  weeks  the  amount 
of  albumen  secreted  is  increased  considerably  beyond  the  normal,  cer- 
tainty more  than  was  present  in  the  pre-doeing  period. 

UATEBUL  AND  METHOD 

The  birds  used  were  all  blond  or  white  ring-doves  (Streplopelia  riaoria, 
St.  aJba)  or  hybrids  of  these  two  forms.  Only  freely  laying  females, 
which  with  their  male  mates  occupied  separate  pens,  were  dosed.  Qui- 
nine sulfate  in  gelatin  coated  pills  was  used.  The  size  of  the  dose  was 
I  grain  at  first  and  }  grain  later.  The  date  of  change  of  dosage  was 
April  6  except  when  otherwise  indicated  in  the  tabulated  records. 
These  amounts  were  given  twice  daily,  at  about  9.00  a.m.and6.00  pjn., 
except  for  a  period  of  four  days  following  the  laying  of  the  first  e^  of  • 
each  pair  of  eggs.  It  was  thought  best  not  to  handle  or  disturb  the 
females  at  a  time  when  this  might  cause  the  eggs  to  be  broken  or  when 
the  beginning  of  growth  of  the  succeeding  pair  of  yolks  might  be  pre- 
vented. A  pair  or  clutch  of  eggs  was  obtained  each  eight  or  ten  days 
from  most  of  the  birds. 

These  relatively  tame  doves  could  practically  always  be  lifted  from 
their  perches  and  the  pellet  dropped  into  the  back  of  the  mouth  without 
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arousing  special  atniggle  or  excitement.  As  a  control,  however,  for  the 
possible  effect  of  baodling,  six  of  the  eleven  dosed  birds  were  caught  and 
blank-dosed  twice  daily  from  the  time  of  the  last  dosage  with  quinine 
till  June  16.  The  birds  thus  blank-dosed  gave  results  wholly  similar 
to  those  not  thus  treated.  The  effects  observed  are  certainly  therefore 
the  effects  of  the  quinine. 

All  eggs  were  examined  as  soon  as  laid — within  five  minutes  to  three 
hours  of  laying.  The  fresh  eggs  from  the  quininitcd  buds  were  weighed 
and  then  steamed  for  eight  minutes  to  coagulate  the  yolk  and  the  al- 
bumen. The  yolks  were  then  immediately  freed  and  weighed.  The 
albumen  was  not  separately  weighed  for  the  reason  that  this  water- 
rich  substance  cannot  be  separated  from  both  shell  and  yolk  without 
an  inaccuracy  caused  by  the  evaporation  of  water.  Since  the  amount 
of  shell  is  a  relatively  constant*  and  small  proportion  of  the  total  wci^t, 
and  showed  no  obvious  variation  in  dosed*  and  not-dosod  eggs,  such 
separate  weighing  of  the  albumen  is  not  necessary  to  a  demonstration 
of  the  large  differences  observed. 

Twelve  yolks  obtained  from  quininised  doves  were  burned  in  a  bomb 
calorimeter.  The  yolks  which  serve  as  a  control  for  those  twelve  de- 
terminations were  not  obtained  from  the  same  birds,  but  from  other 
untreated  birds  of  simdlar  origin  and  laid  at  a  simiUr  season  of  the  year. 

PRESENTATION  OP  DATA 

The  changes  in  egg  sise  and  yolk  sise  due  to  quinine  in  all  of  the 
treated  birds  are  indicated  in  tables  1  and  2.  The  weight  averages  of 
the  six  to  eight  eggs  and  yolks  which  immediately  preceded  those  pro- 
duced under  dosage  ue  given  for  each  bird.  Similarly  the  average 
weight  of  the  entire  group  of  egg»  produced  under  dosage  is  next  given. 
This  group  shows  a  pronounced  decrease  in  egg  sise  and  yolk  sise  in  all 
of  the  treated  birds.  The  first  egg  or  pair  of  eggs  produced  after  the 
quinine  dosage  was  discontinued  shows  a  further  reduction  of  egg  siie 
in  one-half  of  (he  group;  for  yolk  siie  this  furtherredurtion  occurred  in 

■  The  utMller  tb«  egg  the  fFHler  the  proportion  of  •bell  in  relation  to  IoIaI 
eu  ait«.  Tbiii  mtmn»  tb*t  thr  udoudI  of  •lbuii>«n  in  the  anuller  quinioUrd  tn* 
u  even  trnm  than  u  iDdic»l«d  by  the  compftriiioiui  Uter  to  b«  mule  of  yolk  rJif 
with  total  emt  siie. 

■  Among  the  euB  laid  by  Mome  of  the«e  bird*  ncrerBl  wc«k*  after  the  doaini 
wa*  diarontinued  ■  probably  unusual  number  of  eui  with  weak  or  imperfect 
•hella  h»«  been  found.  It  ia  yet  too  early  to  he  lure  that  this  waa  •  raault  o(  the 
previoui  treatment  with  quinine. 
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erery  case.  Following  this  pair  of  eggs,  however,  the  data  show  a 
progressive  increase  in  egg  size  aod  in  yolk  size.  At  six  to  sevea  weeks 
after  treatment  was  discontinued  the  normal  egg  size  was  exceeded  in 
six  birds  and  was  not  yet  attained  in  four  birds;  for  one  bird  the  data 
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are  mtaeing,  since  this  bird  produced  no  e^s  after  the  treatment  was 
stopped.  The  normal  yolk  size  at  six  or  seven  weeks  had  not,  however, 
been  attained  in  any  instance.  The  data  arc  available  to  the  tenth 
week  and,  the  results  are  the  same.     In  most  cases  the  yolks  still  ro- 
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Ea> 

Yolki 

Am 

F«bniai7  14  to  April  80. . . 

Before 
DuriQB 
F1r*t  after 
Later 

8.711 
r.38i 
7.103 
8.013 

2Q77 
till 
1000 
1.700 

K4W 

Februarr  t«  to  AprU  ». . . 

Before 
Durint 
FIrit  after 
Uter 
Laat 

7.411 

tm 

0-270 

7.301 
7.788 

1781 

t.m 

1  3SS 
1.438 
1.0S4 

A  32 

March  33  to  April  20 

Before 
DuriDf 
Firat  after 
Later 

Laat 

8.984 
7.i» 
7.SM 
0.078 
S.367 

2.100 

i.m 

l-fil3 
1.0S8 
1001 

BlOft 

April  5  to  April  30 

Before 
During 
Firat  after 
Later 
Laat 

8.417 
8.0M 

7.807 
S.480 
8.877 

1.001 
f.TW 
1.817 
1.738 
1  838 

BOOS 

April  s  to  April  ao j 

Before 

Durini 

8.U1 
7.*#i 

1  738 

EW 

April  8  to  April  30 

Before 
During 
Plrrt  after 
Uter 
L«at 

r.iM 

7  4W 

7  800 

8  003 

2007 

i.na 

1-423 
1.087 
1.748 

*  No  later  egga  to  July  7. 

nuined  much  below  normal  sise.  Tbe  occunrtice  of  excess  of  total  eg 
nie  accoompanird  by  deficient  yolk  nise  in  this  post-treattnent  period  is 
practically  conc)usiv«  evidence  for  an  excessive  or  supernormal  pro- 
duction of  egg  albumen  in  this  period. 

The  individual  egg  woights  and  yolk  weifchts  for  the  several  above- 
mentioned  periods,' as  relat^-d  to  dosage,  are  given  for  four  of  the  eleven 
birds  in  the  left-band  columns  of  tal>l<-8  3  and  4.    It  can  there  be  seen 
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TABLE  i 
Dttailed  reeordt  of  egg  size  and  yotk  vitt  wider  dotage  un(A  quinine.  Also  thaw- 
ing that  in  yolks  of  comparable  »ize  Srom  the  tame  bird  the  doted  yolkt  (columnt 
i,  5)  are  attociated  with  tm^ler  amountt  of  albumen  (+  shell)  than  the  earlier 
yolkt  (not  doted,  columni  9,  7).  For  golkt  produced  long  after  dotage  (rotvt 
dengnaled  "LiOer")  the  above  ride  it  pr<Aably  reverted. 


7.592 


During  (February  15  to  April 
30) 


3/21 
3/23 
4/1 
4/3 
4/11 
4/13 
4/24 


7.578 
8.275 
7.792 
8.492 


1.578 
1  768 
1,3I9* 


7.860 
8.040 
8.110 
7.530 
8.070 
7.070 


During  (February  23  to  April 

30) 


5/17 
5/19 
5/26 
5/27 
6/3 
6/S 
6/11 
6/13 


3/26 
3/27 

4/5 
4/7 
4/20 

4/22 


8.645 
8.308 
9  027 

7  950 
8.748 
7.763 

8  786 

7.820 
8.551 
7.748 
7,715 

7  810 

8  708 
7.671' 


1.465 
1,785 
1.452 
1.773 


1.980 
2.255 
1.970 
1.912 
1.945 
2.175 
1.900' 


1.450 
1.802 
1.450 
1  753 
1.450 
1.753 

2.005 
2.238 
1.B30 
1.910 


7.B68 
7.070 
7.860 
7,070 
8,110 
7.070 
8.110 


l.S 


8.662 
8.430 
8.140 


5/16  7 

5/18  9- 

5/25  8. 

5/27  9 

6/2  7. 

6/4   ,  8.321     1.710     1,726     7,740 

6/11  7  880     1.690     1  725     7  740 

e/13  8.525     1.930     1.930    8.140 

*  First  egg  produced  after  tncreasing  the  dose  of  quinine. 

t  Datesapplyonly  tothc  eggs  whose  weifchtH  are  given  in  the  adjoiDing  column. 
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DttaiUd  rccordt  of  tgg  «tM  amd  folk  »itt  uiuUr  dooag*  vitk  ftuniM.  AUo  ikowinc 
tkai  in  folk*  of  eomparakU  tiat  from  Uu  tame  bird  tMt  dotad  folk*  [colummi 
4,  I)  or*  auoeiiUmi  wi'lA  tMoUar  oiimmiX*  of  albumm  (+  tkM)  tkan  tka  tartitr 
yolk*  {not  dotod,  coIvmm  ff,  7).  For  polk*  produetd  Itmg  a/tw  dotag*  (rMVt 
d**ignaUd  "  Later" )  th*  a6oM  mU  u  proboUir  r*Mr**d. 


TOLK  H 

ua«i« 

Bin 

wSi. 

"^ 

D*mi 

£S. 

nion 

2/28 

0.600 

1.720 

1.702 

7.864 

3/2 

7.143 

1.026 

1.03S 

7.063 

3/18 

7.077 

1741 

1.746 

7.748 

S/I6 

7.808 

1.796 

1.776 

8.240 

During  (P«bn»m»  t«  April 

8/22 

7.206 

1.616 

1.630 

7  716 

M) 

8/24 
3/31 

7.«00 
0  918 

1.M8 
1.416 

1  850 

8440 

4/2 

7.708 

1.722 

1.728 

8003 

i/9 

7.0W 

1  618" 

1.630 

7.716 

VII 

0-828 

1  607 

1.600 

7042 

A347 

Fint  liur \ 

6/10 
6/18 

0.260 
0  886 

1.814 
1  386 

6/20 

O0D9 

1.476 

1  480 

7480 

6/28 

7660 

1  701 

1.702 

7804 

0/0 

0045 

1016 

1  088 

8.706 

lAt«r 

0/8 
0/26 

0.639 
0906 

1.680 
1  606 

1.488 

1.600 

7.880 

7043 

0/27 

7.806 

(1.870) 

rsfio 

8  440 

7/4 

7.8S7 

l.AOO 

1  500 

7-043 

7/0 

7.084 

I  886 

1  886 

8000 

■   4/7 

8  836- 

I  872* 

1  877 

8  008 

4/9 

8.106 

1.038 

1  W* 

0  183 

During  (AprilSto  April  aO)... 

4/lfl 

8.038 

1.708 

1.771 

8800 

4/18 

7M0 

1  806 

1877 

8008 

4/26 

7.800 

1  680 

1.680 

8  400 

4./27 

7.M8 

1.026 

1.020 

82n 

B106 

Fiwt  witvr J 

6/4 

7630 

8083 

1.488 
I  740 

1  008 
1  778 

8030 

8  173 

&  12 

8  416 

1.023 

1  020 

8.377 

C  14 

8  773 

1  795 

1.796 

8830 

&  20 

8  470 

1  080 

I  096 

8306 

s  a 

8  ms 

1  930 

1  054 

9.183 

Ut«r 

»  M 

7895 

1  &U 

1  584 

7.800 

\ 

«30 

8  SflO 

1  772 

1  771 

8800 

l:                              .              ! 

0» 

8  490 

1  078 

t  096,  8308 

07 

8  992 

1  903 

I  890,  8786 

',, 

0  13 

8  995 

1  815 

1  842  '  8886 

0  IS 

9070 

I  954 

I  »M  ;  0  188 

t  Datm  apply  oaly  to  the  rue*  whiiM>  wrighta  ftT«  givMi  in  the  kdjoioiog  eolumn. 
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that  the  beginning  of  the  heavier  dosage  was  followed  by  a  further 
distinct  decrease  of  egg  size  and  of  yolk  size.  It  is  thought  unnecessaiy 
to  present  the  corresponding  data  for  the  remaining  seven  birds  since 
these  data  for  all  of  the  eleven  birds  are  essentially  similar. 

The  last  two  columns  of  tables  3  and  4  have  been  added  in  order  to 
demonstrate  that  the  yolks  produced  during  dosage  with  quinine  were 
not  provided  with  the  usual  or  normal  amounts  of  egg  albumen.  The 
following  explanation  is  necessary  to  an  examination  of  these  data. 
Normally,  there  is  of  course,  a  high  correlation  between  the  size  of 
the  yolk  and  the  total  size  of  the  egg.  Usually,  though  not  always, 
the  largest  eggs  contain  the  largest  yolks.  The  reason  for  this  rule  liee 
in  the  fact  that  the  stimulus  to  albumen  secretion  is  a  contact  stimulus 
and  only  that  portion  of  the  gland  (oviduct)  is  active  which  is  in  con- 
tact with  the  passing  object.  The  time  of  passage  is  the  etaae  for  a 
small  as  for  a  large  object.'  The  smaller  object  therefore  secures  a 
smaller  quantity  of  egg  albumen.  Nevertheless,  two  different  birds 
do  not  always  supplyequivalent  amounts  to  yolks  of  the  same  size;  nor 
does  the  same  bird,  irrespective  of  season,  age  and  other  conditions, 
provide  uniform  quantities  of  albumen  for  yolks  of  equivalent  size. 
Id  order  to  make  comparisons  of  the  amount  secreted  under  quinine 
with  the  normal,  the  best  that  can  be  done  is  to  utilize  other  eggs  laid 
by  the  same  bird.*  In  tables  3  and  4,  opposite  the  weight  of  each 
"treated"  yolk,  we  have  therefore  placed  the  weight  of  that  "normal" 
yolk  which,  of  all  the  yolks  previously  laid  by  the  bird,  is  most  nearly 
equal  in  size.  The  total  egg  weights  of  the  two  e(^  which  bore  these 
two  yolks  can  then  be  compared  in  appropriate  columns  of  the  tables. 

As  was  stated  above,  the  tabulated  data  indicate  that  th|e  yolks  pro- 
duced under  quinine  did  not  obtain  the  normal  quantity  of  egg  abumen. 
Whether  there  was  an  actual  reduction  of  the  nitrogen  present  is  not 
definitely  shown  by  our  data  since  it  is  conceivable,  even  though  not 
at  all  probable,  that  the  reduction  occurred  only  or  chiefly  intheamount 
of  water  present  in  the  albumen.  Such  an  alternative  asaumption  is 
made  still  less  probable  by  the  data,  next  to  be  mentioned,  obtained  by 
calorimetry  of  the  yolks  of  the  quinine  series.  The  energy  values  ob- 
tained from  those  yolks  supply  evidence  that  the  character  of  the 
yolks  was  left  unchanged.    It  is  hoped,  however,  that  direct  determina^ 

'  TheM  facts  apply  also  to  the  Bhell-secreting  portion  of  the  oriduet. 
'  la  tables  I  and  2  the  average  egg  site  and  yolk  eiie  of  the  eg^  laid  immedi- 
ately preceding  the  beguuiing  of  dosage  were  used  for  a  similar  purpose. 


Digitized  by  VjOOQIC 


100 


OSCAR   BIDDLE  AND  CABL  E.  ANDERSON 


tionB  can  later  bo  made  of  the  relative  anioiuit«  of  nitrofcrn  in  thw  nor- 
mal alhumen  and  in  that  produ<^  under  quinine. 

Twelve  yolks  obtainml  from  three  of  the  quinine-fed  doves  were 
burned  in  the  bomb  ralorimetcr.  When  the  values  obtained  from 
these  efcgs  (table  5)  are  compared  with  those  obtained  from  yolks  pro- 
duced by  similar  untreated  females  at  a  corresponding  lime  of  the  year 


Bomb  ralorimtttT  dtlerminalionii  of  Ike  etitrgy  ttored  in  epff-yoJJt*  fra 
arltFfly  tlo»td  trith  finniiM  ndfaU 


\  fematt* 


o* 

CLirm 

BHI 

TOtU.' 

■r/jro'j;' 

Z^£il 

™»°" 

Bl 

3  19  18 

ft,S40 

8.irs 

3.462 

3.447 

A174 

B2 

3  21  18 

8.226 

s.*»i 

3.487 

3,462 

Cl 

3  31/18 

«,IM 

uu 

3.616 

3.373 

C2 

4,   2. 18 

6.616 

S.VU 

3.485 

3,422 

Cl 

3/22  IB 

5.  too 

S.«ff 

S.362 

3,388 

A3I7 

C2 

3  24/18 

6,321 

s.s$4 

3.411 

3.3W 

Dl 

3 '31/ 18 

4.710 

J.5W 

3.302 

3,348 

D2 

4,   2,18 

s,g«4 

s.tes 

3,344 

3,392 

Cl 

3  21  18 

6,661 

3.na 

3.367 

3.406 

162 

C2 

8  23  18 

6,3W 

S.Si8 

3,642 

3.414 

Dl 

4'  1,18 

6.66S 

S,StT 

S,47g 

3,416 

I 

D2 

4,'  3;  18 

6,333 

3,sao 

3,721 

3,404 

*  Bird«or«iniilftroriKinan<le|Clp  takcD  (romait  tiparly  asposubleaimiUrdmtM. 
Tbs  two  eolumiu  under  this  hekdini  bear  vaIum  derived  from  yolks  of  different 


it  is  found  that  the  beat  values  are  UDchanged  from  theoormal.  TTiis 
is  good  evidence  that  the  relation  of  proteins  to  lipoids*  in  the  yolk 
from  quininiscd  birds  was  unchanged. 

DtSCL'HBION 

One  situation  presentc'd  by  these  data  requires  additional  comment. 
It  has  been  shown  that  after dit<continuanre  of  dosage  with  quinine  the 
production  of  egg  albumen  quickly  nwe  to  and  above  normal,  while 
yolk  production,  after  ten  weeks,  was  still  t)elow  normal.    The  farts 

*  The  enerity  values  of  ynlk  proleiiu  and  lipoid*  hare  been  ahown  by  one  of 
iM  (Riddle,  unpublisbed  work)  to  bear  to  each  other  the  ratio  6407  :  0020. 
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next  to  be  mentioned  would  seem  to  make  clear  the  reason  for  this 
result. 

Like  moat  tissues  of  the  body  the  oviduct,  flushed  freely  with  an  abun- 
dant secretion  of  egg  albumen  at  the  time  of  passage  of  every  egg,  rids 
itself  within  a  few  days  of  any  trace  of  quinine  remaining  after  dosage. 
The  reverse  Is  true  for  the  ovum.  It  is  practically  certain  that  quinine 
is  absorbed  by  the  yolk.  Quinine  is  not  oxidized  or  is  oxidised  only  to 
a  very  limited  extent  in  the  body  and  it  is  probable  that  the  ovum  has 
even  less  power  than  other  tissues  to  oxidize  it.  The  long  series  of 
smaller  slow-growing  ova,  described  in  No.  I  of  this  series  of  papers  (5), 
therefore  absorb  and  continue  to  hold  quinine  within  them;  and  this 
absorption  and  storage  must  be  greatest  for  the  largest  of  these  ova 
and  progressively  less  for  the  smaller  members  of  the  series. 

Bearing  in  mind  that  the  ova  of  the  series  just  mentioned  are  liber- 
etcd  from  the  ovary  in  the  order  of  their  sise  it  is  clear  that  the  most 
heavily  dosed  of  these  eggs  were  laid  earUest  after  dosage  and  that  the 
yolks  with  progressively  less  absorbed  quinine  form  the  series  of  yolks 
of  pr<^res8ively  increasing  size  as  found  in  the  post-treatment  period. 
These  facts  also  supply  the  reason  for  the  first  clutch  of  e(^  laid  after 
dosage  containing,  in  nine  of  the  ten  cases,  a  smaller  yolk  than  was 
found  in  any  egg  from  the  dosing  period ;  for,  this  pair  of  eggs  had  been 
dosed  for  a  longer  period  than  had  the  preceding  pair  and  some  qui- 
nine was  probably  still  to  be  obtained  from  the  blood  while  this  pair 
(but  not  the  still  later  pairs)  was  undergoing  the  short  final  period  (four 
to  five  days)  of  rapid  growth. 

It  thus  seems  probable  that  the  presence  of  quinine  accounts  con- 
astcntly  for  the  observed  fluctuations  in  egg  albumen  production  and 
for  yolk  size.  If — as  partly  noted  in  the  introductory  of  this  paper — 
carher  studies  on  the  effects  of  quinine  are  correctly  interpreted  as  ef- 
fects on  the  nitrogen  metabolism  rather  than  on  oxidation  in  general, 
the  reduction  of  yolk  size  in  the  present  series  of  ring-doves  would 
then  seem  to  have  been  accomphshed  not  by  a  raising  or  lowering  of 
the  general  metabolism  but  by  modification  of  only  a  part  of  it.  Prob- 
ably modifications  thus  limited  in  their  scope  do  not  provide  much 
hope  of  being  perpetuated  in  the  developmental  capacities  of  the  organ- 
isms which  may  arise  from  these  germs;  and  such  modifications  are 
apparently  not  of  the  sort  which  might  be  expected,  from  the  results  of 
our  earlier  studies,  to  effect  a  modification  of  sex. 

The  observed  effects  of  quinine  on  the  activity  of  the  oviduct  are 
fully  consonant  with  previous  observations  on  the  nitrogen  conserving 
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action  of  the  (JniK-  We  are  inclined  to  interpret  the  effects  observed 
in  the  ovum  (yolk)  in  essentially  the  same  way.  The  praeenoe  of 
quinine  places  a  check  upon  the  usual  or  characteristic  transformation 
of  the  nitrogenous  compounds  in  the  ova.  The  actual  sixe  attained 
by  the  latter  is,  in  these  cases,  probably  a  resultant  of  restrictions 
placed  upon  the  utilisation  of  nitrogenous  substances  only. 

CONCLUSIONS 

When  small  doses  of  quinine  sulfate  are  fed  to  laying  ring-doves  the 
yolk  aise  and  total  sise  of  the  eggs  produced  are  much  decreased. 

The  reduction  of  total  stw  is  partially  to  be  accounted  for  by  the 
reduced  aise  of  the  included  yolks.  There  is,  however,  a  cleariy 
demonstrated  additional  and  abnormal  decrease  in  the  amount  of  egg 
albumen  produced  under  quinine. 

These  effects  of  quinine  on  yolk  sise  are  continued  for  at  least  several 
weeks  after  the  dosage  is  discontinued.  In  the  course  of  a  few  days  or 
weeks,  however,  the  eggs  from  treated  birds  contain  abnonnally  large 
amounts  of  albumen.  Ten  weeks  after  dosage  the  yolks  (ova)  approxi- 
mate  but  do  not  attain  their  normal  sise. 

The  relative  proportion  of  protein  to  lipoid  which  enters  into  the 
composition  of  the  smaller  yolks  produced  under  quinine  is  probably 
unchanged. 

The  known  tendency  of  quinine  to  reduce  the  destruction  of  the 
nitrogenous  components  of  the  tissues,  as  measured  by  the  recovery  of 
nitrogen  in  the  urine,  is  found  to  apply  to  the  secretory  activity  of  a 
gland  (oviduct)  whose  product  is  entirely  of  protein  nature. 

It  seems  probable  that  the  observed  effects  of  quinine  on  the  ova 
(yolks)  should  be  similarly  interpreted.  The  reductions  and  fluctua- 
tions in  sise  of  the  ova  are  consonant  with  the  view  that,  in  these  cases, 
the  siie  attained  is  governed  by  restrictions  placed  upon  the  protein 
metabolism  rather  than  upon  the  general  metabolism. 
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INTRODUCTORY 

The  results  described  in  this  paper  are  a  contribution  to  the  following 
subjects:  a.  The  mechaniem  of  melanogenesis;  b,  the  conditions  neces- 
sary for  post-mortem  pigment  formation;  and  c,  the  idle  of  the  hypo- 
thetical "genetic  factors"  in  the  inheritance  of  color. 

These  studies  are  based  on  the  embryonic  tissues  of  white  ring-doves 
or  of  later  generations  of  "extracted"  whites  from  crosses  with  blond 
ring-doves.  These  birds  have  pigmented  irides  and  non-pigmented 
retinas  and  choroids  and  their  p^mentless  choroid,  skin  and  (approxi- 
mately pigmentless)  feathers  separate  them  (Slreplopelia  edha)  geneti- 
cally frmn  the  next  least  pigmented  species  {St.  riaoria)  of  the  genua. 
The  following  brief  statement  of  the  new  facte  obtained  on  the  three 
above-^nentioned  subjects  may  be  made  in  advance  of  a  detailed  con- 
sideration of  the  data: 

a.  A  tissue  which  in  normal  hving  conditions  can  form  no  melanin 
pigment  is  shown  to  be  capable  of  melanin  formation  under  other  condi- 
tions; the  present  known  means  of  the  attaiimient  of  theee  conditions 
involve  the  death  of  the  tissue  and  a  considerable  post-mortem  period. 
A  certain  grade  or  degree  of  tissue  differentiation  must  have  been  attained 
before  post^nortem  melanin  formation  can  occur.  In  the  embryonic 
tissues  studied  by  us  the  retina  must  have  proceeded  to  a  full  3-day 
Bts^*  before  such  pigment  oan  be  made  to  form.  It  is  of  interest  there- 
fore that  in  the  nearest  related  species — the  blond  ring-dove  (St.  risoria) 
— the  pigment  begins  to  form  at  this  same  time.    This  embryonic  tissue 

>  The  3-da7  dove  embryo  is  approxinMttely  equal  in  development  to  a  4-daj 
ohiek  embryo. 
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retains  it«  power  to  form  pifpncnl  pottt-mortfin  from  the  3-day  stage 
to  at  Irast  tho  12-day  stage  of  development.  At  the  hatrhing  stage 
(15-day  ombiyo)  the  pigment  apparently  does  not  form  at  moderate 
t«'mpc  rat  tint!  and  without  excess  of  oxygen.  Higher  temperatures 
with  excetta  of  oxygen  have  not  been  tiied  on  these  Ut«r  stages. 

b.  Frre  oxygen  is  neeeflxary  for  a  post-mortem  formation  of  melanin 
pigment.  This  pigment  does  not  foim  in  an  atmosphere  of  COf.  The 
pigment  will  form  in  a  tissue  killed  in  HgC'l].  It  has  failed  to  form  in 
titwut  H  fiist  Huhjeeted  to  a  temperature  of  100°C, 

c.  Current  theories  of  the  inheritance  of  color,  assume  that  these 
white  animaJA— almost  complete  albinos— and  white  hybrids  generally 
fail  to  produce  color  l>ecauf)e  discreet,  segregable,  germinal  Itases,  called 
"color  factors,"  fail  to  gain  admittance  into  the  germs  which  gave  rise 
to  thtm.  Under  this  hypothesis  the  retina  and  choroid  of  these  whit« 
ring-doves  are  and  must  be  pigmentless  because  some  of  the  necessary 
segregable  germinal  units  are  "alwent"  in  the  developed  tissues.  A 
mo<lification  of  this  hypothesis  pennit«  the  B.>wumption  that  the  neees- 
sar>'  factors  may  be  present  but  are  inactivated  by  the  presence  of 
other  segregable  germinal  units  denignated  "inhibitors."  The  prewnt 
lesulta  demonstrate  that  under  changed  environmental  conditions  or 
under  another  grade  or  level  of  conditions,  the  tissue  bears  all  that  is 
neei-SHary  for  pigment  formation.  One  nee<l»  to  supply  no  new  hereditary 
unit  nor  extirpate  an  inhibitor  to  obtain  an  abundant  supply  of  melanin 
pigment.  The  differenc<-s  involve<l  reveal  themsclvet^  therefore  in  quan- 
titative rather  than  in  qualitative  terms.  The  n-xults  thus  offer  con- 
firmi'.tion  of  the  view  of  melanin  pigment  formation  and  inheritance 
which  wuH  advanced  by  Riddle  (1)  in  1909.    . 

rOSHlDKRATION    Of   PREVIOIK    WORK 

Bnunpielot  (2)  and  Bertrand  (3)  found  that  in  dead  or  dying  mush- 
rooniH  there  arises  a  dark  color  which  is  due  to  the  action  of  an  oxidase 
uiMin  an  aromatic  sulwtanw  contain*-*!  in  the  titwue.  Tliis  was  the 
first  cMlablifhed  important  fact  conn'rtiing  p<»Bt-mortem  pigment  for- 
mation; at  the  same  time  it  hax  HUppIifnl  the  biifix  for  praticnlly  all 
later  work  on  the  mechanixm  of  pigment  formation  in  living  animala 
and  plantx.  Nearly  alt  of  the  later  work  has  de«It  with  pignient  forma- 
tion in  the  living  organism  or  (chemical  sturlie!-)  in  tilro.  So  far  as 
known  to  us,  only  the  few  studii  »  made  in  Meiniwsky's  UI>orator}-  haw 
considered  the  formation  of  melanin  pigment  in  animal  tissues  after 
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death.  Those  BtudJes,  however,  furnish  importaDt  infoimation  on  the 
subject.  The  first  of  these  publications  appeared  in  1908.  For  the 
purposes  of  the  present  paper  only  the  following  brief  statement  con- 
cerning the  results  obtained  in  this  earlier  work  need  be  made. 

Meirowsky  (4)  first  demonstrated  that  melanin  pigment  is  formed 
after  death  a,  in  hiunan  skin  from  various  portions  <A  the  body  and  in 
scar  tissue;  6,  in  the  embryonic  epidermis  of  the  cat,  pig  and  dog.* 
Conceniing  the  mechanism  of  post-mortem  pigment  formation  Meirow- 
sky showed  a,  that  the  first  appearance  of  such  pigment  requires  a  con- 
siderable period  of  time;* fc, at  Se'C.  the  pigment  was  produced  in  human 
skin  in  about  one-half  the  time  required  for  its  production  when  kept 
at  36°C.;  c,  the  pigment  was  formed  in  pieces  of  skin  that  had  been 
subjected  to  "boiling"  in  water.  Meirowsky  favored  the  view  that  the 
melanin  production  is  brought  about  by  enzyme  action. 

The  above  studies  wore  continued  by  Kfinigstein  (5)  who  more  care- 
fully studied  the  conditions  under  which  post-mortem  pigment  forma- 
tion occurs.  It  was  found  o,  that  pieces  of  skin  immersed  in  physio- 
logical salt  solution  do  not  "blacken"  at  a  temperature  of  STC;  b, 
pieces  of  boiled  skin  and  skin  fixed  in  1  per  cent  sublimate  or  10  per  cent 
formalin,  when  dried  in  Petri  dishes  and  placed  for  "several  hours" 
at  Se'C,  become  "coal  black;"  c,  the  "drier  the  prepaiation  and  the 
higher  the  temperature,  the  greater  is  the  degree  of  pigmentation." 
Konigstein  speaks  against  a  pure  "ferment"  theory  being  able  to  ac- 
count for  the  results  and  cites  the  probable  destruction  of  the  enzymes 
by  boiling. 

Two  further  results  of  Konigstein's  study  will  be  specially  noted 
and  a  word  of  discussion  added,  d,  It  was  found  that  pieces  of  skin 
boiled  in  alcohol  or  ether  would  form  the  pigment  but  pieces  boiled 
in  acetone  would  not  (except  when  later  heated  in  soda  solution). 
Since  alcohol  and  ether  dissolve  lipoids  and  acetone  precipitates  them, 
Konigstein  inclines  to  the  conclusion  that  the  lipoids  stand  in  a  close 
relation  to  the  formation  of  the  pigment.     We  may  remark  that  this 

**  The  title  of  Meirowsky's  paper  indicates  observationa  on  pigment  formation 
in  the  eye  as  well  as  the  skin,  but  poMt-mortem  pigment  formation  seems  not  to 
have  been  observed  in  the  eye.  His  study  was,  in  fact  concerned  less  with  the 
mechanism  of  pigment  foniiBtion,poet-mortem  or  otherwise,  than  with  other  ques- 
tionB;amongthese,  the  origin  of  pigment  independently  of  melanoblssts  (chro- 
matopbores),  the  migration  of  melanoblaets,  the  source  and  mother  Bubslance  of 
melanin,  etc. 

'  Less  time  was  required  in  two  cases:  Skin  from  a  patient  dead  of  Addison's 
disease  and  pieces  of  skin  which  before  death  were  subjected  to  Roentgen  rays. 
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is  not  a  Deoeasary  inference  from  the  data  and  that  the  facta  now  known 
concerning  the  chnanogcna  necessary  for  melanin  formation  att««t 
the  much  greater  importance  of  certain  constituenta  of  protein,  e, 
Finally,  the  rAle  of  oxidation  and  reduction  was  partially  inveetigated 
with  essentially  n^ative  reaulta.  In  view  of  the  results  of  the  present 
writers  the  following  statement  is  of  interest : 

Um  lu  ennitt«lo  ob  eia  oxydfttion  proMM  die  Pigment bitdung  begQutict 
wurdeo  H&utatQebe  durch  48  Stuaden  hiodureh  in  KeBchloMenen  Kolbcn  in  ja 
einerCOiO,  or  H,  Atmoapliera  miMReMti  obne  dut  j«doch  Id  eiiwni  d«r  3  Venueba 
•ins  Verftnderung  lu  b«merkaii  war. 

Our  data  demonstrate  that,  at  least  for  the  tisBuett  studied  by  us, 
forty-ei^t  hours  is  not  time  enough  to  obtain  the  pigmentation;  all 
of  three  days  is  required.  We  have  demonstrated  also  that  the  pigment 
studied  by  us  can  not  form  at  all  in  COi,  while  in  all  percentages  of 
oxygen,  between  the  amoimt  present  in  air  and  100  per  cent,  the  pig- 
ment forms  if  a  period  of  three  days  or  slightly  longer  is  given  for  the 
teat. 

In  a  still  further  continuation  of  the  above  studies  WinlemitB  (6) 
made  the  interesting  observation  that  drying  the  bIud  produces  a  dark 
coloration  in  it  which  is  removed  when  the  dried  colored  elcin  is  later 
soaked  in  water.  The  meaning  of  this  observation  is  not  clear  to  us. 
This  investigator  also  treated  pieces  of  skin  with  various  oxidising  and 
reducing  agents  and  concluded  that 

rMventien  von  nicht  b«d«ut«iider  Koniaiitrktioii  hindert  daa  Eintrataa  dw 
postmortftlen  Verfftrbung  nicht. 

Further,  from  the  skin  of  rabbits  a  subntance  was  obtained  which  was 
thought  to  be  chemically  similar  to  adrenalin.  Thii*  last-named  ob- 
servation is  of  some  interest  in  connection  with  a  poHt-mortem  forma- 
tion of  a  blackish  pigment  in  the  adrenal  itself  as  was  noted  by  Meirow- 
sky  (7).  The  latter  author  concluded,  however,  that  the  pigment 
produced  in  these  adrenals  is  not  melanin  because,  unlike  that  formed 
in  the  skin,  it  is  not  in  "granular"  form.  This  objection  seems  unita- 
portant.  In  defining  "melanins,"fir8t  consideration  may  wellbegiven 
to  the  chemical  nature  of  the  pigment  and  its  mother  subiitance  (cbro- 
mogen)  and  to  the  nature  of  the  procesees  concerned  in  the  traoaforauk- 
tion  of  the  latter  into  a  colored  compound.* 

*  Abderb*ld«ii  and  Gucieabeira  (1008)  have  ihown  th>t  ulrenaliii,  undar  tba 
influence  o/  IgronnoM*,  producca  d*rk  or  dark  red  flooculi. 
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PRESENTATION   OF  DATA 

The  present  studies  were  undertakeD  primarily  because  one  of  us 
(Riddle)  had  occasionally  observed  in  connection  with  other  studies, 
during  two  or  three  previous  years,  the  presence  of  retinal  pigment  in 
some  dead  embryos  of  birds  {St.  alba,  and  some  "extracted"  whites) 
known  to  be  incapable  of  forming  such  pigment  durii^  life.  In  .several 
of  these  cases  it  had  been  noted  that  the  pigment  was  found  only  in  a 
single  eye  and  that  this  eye  was  usually  or  always  the  one  (right)  in  con- 
tact with  the  air  chamber  of  the  egg.'  It  had  also  been  observed  that 
such  unexpected  pigment  was  found  only  in  embryos  that  had  died 

TABLE  I 

Pifftnent  formation  from  eggs  dtneeated  (over  HtSOt)  tvhiU  kept  for  a  period  in  an 
incubaiOT  (lOS'  F.);  later  inetibation  under  birds 
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None 
None 
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4/27 
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4.6 

4.0 

4.1 

3.8 

3.7 

5/6,p.m. 

Pwtly 
hatched  5/14 

Inner  ring 

None 

•  Five  e| 


•e  uaed;  one  (4/26  of  91)  proved  infertile. 


some  days  before  the  egg  was  opened  for  examination;  and  further, 
8uch  eggs  seemed  often  to  have  especially  large  air  cavities,  i.e.,  thiese 
eggs  had  lost  an  unusual  amount  of  water  and  had  admitted  a  corre- 
spondingly, unusual  amount  of  air.  For  the  purposes  of  extensive 
studies  being  conducted  by  the  senior  author,  it  became  e 


•  EmbryM  that  have  developed  more  than  five  or  six  daya  lie  in  Buoh  position 
u  to  imbed  the  left  eye  against  the  egg  yolk  and  the  right  eye  agoinet  the  inner 
Bbell-membraae  limiting  the  air  chamber.  This  is  the  position  of  the  right  eye 
in  all  later  embryonic  stages  in  those  eggs  which  have  lost  very  considerable 
quantities  of  water.  It  seemed  conceivable  that  the  actual  tissues  of  the  right 
eye  might  thus  be  robbed  of  moisture  during  or  preceding  the  formation  of  the 
pigment. 
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learn  xompthinK  n(  the  unoxperted  and  unrxplainod  prcxcnrr  of  retJiul 
or  choroid  pifciiX'iit  in  dead  embryos  derived  from  parents  whose  off- 
spring should  l)e  incBpaMe  of  producing  it.  The  ol>scn'ations  which 
have  Invn  indirate<l  al>ovo  HUpplie<t  the  rens<in«  for  con<turting  the  pres- 
ent observations  and  experiment*  along  the  lines  rcp«>rt<'d  here.  The 
known  facte  of  melanogenesis  were  further  reason  for  an  examination  of 
the  relation  of  oxygen  (and  of  rarbon  dioxide)  to  the  process. 

A  group  of  eggft  wa8  placed  for  a  period  of  eight  to  ten  dayx  ij  an 
incubator  and  <lesiceated  at  approximately  twice  the  normal  rate.* 
Th(8.'  ^(gs  wen-  later  plarp<I  under  birds  and  hatchwl  {table  I).  The 
eyes  of  these  birds  had  the  normal  distribution  of  pigment,  this  being 
present  in  the  iris  and  wholly  al>i<ent  in  the  retina  and  choroid.  A 
considerable  numl»er  of  embryos,  of  late  and  full-term  slaKCf.wen'  kille<l 
previous  to  the  Ixvinning  of  thew-  experiments  in  order  to  supply  con- 
trol data.  It  seenm  wholly  unnerewnary  to  pubhsh  these  data  since 
thow  of  table  1  and  of  all  individuals  of  other  tables  which  xurvivt-d  in 
the  ex[)erimentN  are  quite  iitentical  with  the  eontn>i.'  Tlie  amount 
of  (lesiccalion  obtained  in  this  ex|)c'nment  had  therefore  no  effect  upon 
the  pigmentation  of  embryos  which  continne^l  to  live. 

The  (lesircation  of  a  second  gn>up  of  cfriCH  was  carried  out,  but  in 
connection  with  incubation  in  a  100  per  cent  oxygen  atmosphere  (table 
2).  It  will  Ih-  tieen  that  practically  all  of  the  eiiibrj'os  die<l  very  soon 
after  Ix-ing  placi-tt  in  the  oxygen.  A  comparison  of  the  ages  of  the 
embrk'os  when  placfHl  in  oxygi-n,  and  the  eslimale<l  ages  of  the  einbr>'os 
when  these  were  examined  several  days  later,  shows  conclusively  isee 
columns  Ti  and  tij  that  death  was  caused  by  the  gas'  into  which  tlicy  were 
pluctHl.  The  ini|Hirtant  fact  to  l)e  oliH<-r\'etl  in  the  data  of  this  table  im 
that  the  thn-e  embryos  which  had  attained  an  age  of  three  to  four  dnys 
or  more  were  the  only  ones  which  foniie<l  pigment  in  the  ey<',  anil  lliat 
ihew  thn-<-  fonne<l  pigment  not  only  in  the  iris  where  it  (M'curs  normally 
in  life,  but  also  in  the  n-tina-choroid  where  it  diM's  not  form  during  life. 
A  2-<lay  endiryo  faile<l  to  form  any  pigment  in  either  iris  or  retina  and 
a  'A-  to  4-<lay  embryo  had  formed  only  tract's  in  the  normally  piitmenllc:^ 
retina.  Further,  at  the  time  of  exaniinaticm  these  embryox  hail  l>e<'n 
dead  for  eight  day.-,  (hiring  thn-e  to  five  of  wliiih  they  had  lM-<n  in  100 
per  cent  oxygen. 
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TABLE  J 

Pigmenl  formation  from  eggs  desiccated  {over  HtSOt  in  incxibaloT)  for  thorl  ■ptriode, 
then  eonlinued  desiccation  and  incubation  in  {nearly)  100  per  cent  oxygen  {fatal 
doiage)  for  a  fete  dayt;  itill  later  incubation  of  tome  of  the  dead  embryo*  ifirit 
i  toa»  of  table')  under  bird* 


;5:40p.ni. 
i  5/5  ;1:30  p.in 


f5/ft 
lS/8 


5/7  ;  12:30p.m. 
5/8  ;  10:30a.m. 


fV8  S/9  ;   l;30p.m. 
\'|5/106/1D;  2:30p.m. 


f|5/8  5/8  ;  6ffl)p.ii 
\l5/lol5/10;10:15a.n; 


5/9  ;lt:30a.m. 
5/ll;10:30a.m. 


(15/9 
1.5/11 


f  5/1:^/12;  6.-0Op.m- 
\5/lW15;ll:30a.m. 


6.2  0.0 
9,8tl.O 


5/15      5.0 
5/18      6.0 


OiVery 
black 
a.OiBlack 


Very 
black 
Black 


„,    /6/155/15;  6fl0p.m.7.2tl.6  1.5J        5/W 

\  5/175/18;  i2r00m.     6.0tJ0  0  1.5-2      |5/19  Alive!     2.0 

*  The  blank  spaces  indicate  no  pigment,  but  in  addition  they  direct  attention 
to  the  fact  that  the  cause  of  this  is  connect«d  with  the  very  immature  and  un- 
difierentiated  state  of  the  embryo.  Neither  normal  nor  post-mortem  pigment 
formation  has  been  observed  in  embryos  of  leas  than  3  days  of  development. 

t  The  period  here  was  for  less  than  6  days ;  the  rate  of  loss  is  usually  greater 
during  the  first  days  after  laying.  The  larger  figures  of  this  column  are  usually 
those  for  larger  eggs ;  the  second  egg  of  the  pair  is  larger  in  most  cases. 

X  The  embryo  (if  ever  present)  had  wholly  disappeared;  this  figure  is  for  the 
stage  attained  by  the  voicviar  area. 

S  Very  little  blood  in  vascular  area. 
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A  similar  result  was  obtained  on  another  group  of  embryoe  from  eggs 
which  were  not  desiccated  (table  3),  but  otherwise  received  the  same 
treatment  as  the  above.     Desiccation  therefore  was  not  a  real  factor 


Pigment  formation  from  egg*  incubattd  but  not  d*riecaied  for  a  ikorl  period  htfort 
bting  placed  temporarilg  in  a  (nearly)  100  per  etnt  oxygen  ahmMphert  (no  mtethod 
lued/oT  the  abeorption  of  COt,  and  no  dentcation) ;  later  incvbalion  under  hirde 
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1 
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1 

6 
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3 
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% 
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1 
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I 

bfa 
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if 

if 

Il6ai  1 

fl/17 

5.25;»:30p.iD. 

21.5 

8-0 

8-9 

5/30 

4 

R..  wry 

blkck 

L..  traoN 

Vory 
Umek 

1 

8/lB 

5/2S:»:30p.m. 

21  & 

8.8 

a. 5 

6/30 

4 

iL,  tr.^ 

TraCT. 

m 

5/lB 
5/21 

5,'M;S«lp.m- 
5/M;5a)p.ro. 

WO 
600 

5.0 
3.5 

8.0 
4-4  5 

6/29 

5/2^ 

4 

fR.,t»<« 
\L.,  mora 
No.. 

Nob. 
Nod. 

-{ 

5/19 
5  31 

5/24;6«lp.m. 
S/24;5A)p.in. 

800 
50.0 

5.0 
38 

56-« 
5-8.6 

530 

5/2ft 

6 

2-3 

BiKk 
No.. 

Bluk 

None 

1. 

5/21 
S23 

5.-25;  530  p.m. 
5/2S;5'.a0p.m. 

200 
28.0 

4.0 

2.5 

4.0 

2-8 

5/30 
5.30 

4 
4 

BiMk 

BLuk 

1I7R 

9  33 

5  2S;5:»p.ni. 

30.0 

2,0 

3,. 

5/26 

Aliw- 

(») 

Nono 

*  Thia  embryo  wm  probkbly  aliTO  wbeo  «n  *••  opened  May  2S  tX  7:30  p.m. 
Thia  error  reeulUd  becauae  of  the  very  Jete  and  indtfiniU  blood  Mfxtt  preaeot; 
wbeo  candled  It  aeemed  lofertUe.  This  eaae  and  a  aumber  of  aimllar  inatancM 
met  with  later  pombly  Indicate  that  the  regulatory  mcrhaniama  of  the  early 
deTclopinic  embryo  include  tbe  power  to  reetriet  the  number  ot  eitnt-embryonie 
blood  veueli  (and  the  quantity  of  bloodT)  wben  e>pa«ed  lo  a  highly  osyienalvd 
almoaphere.  On  the  other  hand,  theee  chaaitN  may  be  due  to  "poisottoua" 
effecta  of  the  k**'*  uaed. 

in  the  cases  considered  almve.  It  doubtlew  accompantefi  a  ready  in- 
gress of  air  or  of  oxygen.  Table  3  shows  that  retinal  pigment  formed 
in  four  of  the  six  embrj-on  which  hat!  attained  an  age  of  four  days  or 
more  before  death  and  which  in  addition  had  lieen  dead  for  three  or 
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PifpnetU  formation  in  embrjfOt  Umporariljf  subjected  to  ahnormallj/  high  (ovet 
S7^C.)  and  loie  (iee  box,  about  $°C.)  temperaturet.  It  wat  erroneoutly  » 
that  the  temperature  uted  tnotdd  kill  alt  embryot  vrithin  the  lime  limit* 
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3 

1 

[| 

S?^m' 

'it  iS^f 
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1 

2 

I™ 

RatiBS- 
obotaid 

(IC( 

box,  about  6>C.) 

if 

4.H 

i.M 

361 

5/24 
5/26 

19.0 
19.0 

Killed 
KiUed 

11.0 
9.0 

11.0 
9.0 

B/15 
6/15 

11 

11 

fR.,  traces' 
L.,  none 
R..  dark' 

\L.,  traces 

Traces' 

None 

Dark* 

(T) 

188ft   1 

5/28 
5/30 

19.0 
19.0 

Killed 
Survived 

6.6 
5.0 

6.0 
13..0  (T  alive) 

5/15 
B/15 

12 
0 

Nonet 
Tracet 

Nonet 
Nonet 

2 

6/28 
5/30 

19.0 

Killed 
Survived  (T) 

6.5 
5.0 

7.0 
13.0 

6/18 
6/15 

5 
3 

/R.,innerrinK 
\L.,  traces 
Inner  ring 

None 
None 

l«l 

B/29 

19.0 

Survived 

5.6 

17.0  (full- 
term  +  2 
days) 

0 

loner  ring 

None 

5/31 

19,0 

Survived 

4.0 

hatched 

0 

Dark  on  7/18 

None 

161d 

5/30 

19-0 

Killed 

5.0 

4.6 

6/15 

11 

f  R.,  dark 
\L.,.none 

(I) 

Oven.  50°  to  67°C. 


ISSa 

6/5 
6/7 

19.5 
19.5 

Killed 
Killed 

10.5 

g.o 

10,0 
9.0 

6/21 
8/21 

6 
S 

Dark 
/R.,  dait 
lL..none 

Black 
Traces 
None  . 

nem 

6/5 
6/7 

19.5 
19.6 

Killed 
Killed 

10.6 
9.0 

10.0 
9.0 

6/21 

6/21 

0 
5 

(R.,  inner  ring 
\  L.,  traces 
JR.,  dark 
\L.,  none 

Dark 

None 
Dark 
None 

il7a  1 

6/6 
9/8 

19.6 
19.5 

Killed 
KUIed 

9.5 

8,0 

9.0 
8,0 

6/21 
6/21 

6 
5 

Dark 
(R.,  dark 
\L.,  traces 

Dark 
Dark 
None 

*  From  6/10  to  6/15  this  egg  was  kept  in  a  refrigerator;  probably  little  o 
Dent  could  form  wiiile  kept  at  this  low  temperature. 
t  From6/12to6/15thieeggwaa  kept  in  a  refrigerator. 
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,  6  II  19 


5   KilM 
^  Killed 


in 


9  5   Survivpd       j  „  .. 
B  y  Kurvived  5  0 


i     i 

;6  -ill 
n  2)1 


/K.,  blftck 
I  L.,  hUrk 
JK.,  ditrk 

Iddot  rinit 
Innrrrinft 


Black 

TrBTM 

Dwk 


more  d^yti.  The  two  cxcpptions  (young  of  170)  were  embtj'OH  of  fiw 
tlayn  or  lew.  Ad  enibrj'o  of  two  and  a  haJf  day!>,  dead  for  four  ds>'8, 
and  a  3.5-day  live  ein)>ryu  had  formed  no  retinal  pigment. 

Two  groups  of  embr>'OA  were  next  killed,  and  otherwine  not  Iroalod, 
in  order  to  learn  whether  the  pigment  would  form  without  exceiw  (not 
more  than  in  air)  of  oxygen  and  without  desiccation  (table  4).  One 
group  was  lulled  by  low  temperature  (6°),  the  other  by  high  tempera- 
ture (50°  to  57°).  It  will  be  noted  that  a  few  embryos  Burvive<l  these 
rather  extreme  temperatures  in  which  they  were  kept  for  nineteen 
houra.  Of  thft  thirteen  birds  of  thette  two  groupn  which  attained  an 
age  of  more  than  three  dayx,  and  also  remained  dead  more  than  three 
days  before  examination,  ten  formed  retinal  pigment;  one  was  question- 
able and  two  failed  to  form  nuch  pigment.  The  embryos  that  failed 
were  of  six  and  a  half  da>-n.  None  of  the  five  embryos  which  remained 
alive  Khowe<l  any  trace  of  retinal  pigment. 

A  group  of  embr>'Os  was  next  placed  in  a  50  per  cent  oxygen  atmoo- 
phere.  The  data  of  table  5  indicalex  that  nine  of  the  ten  embrj'os 
treate<l  were  killed  by  this  degree  of  concentration  of  the  gas.  That 
all  of  the  embryos  had  continued  to  live  in  the  gas  for  a  period  of  one  to 
two  dayf  is  shown,  however,  by  an  examination  of  columns  tl  and  7  <if 
the  table.  The  three  enibrj-os  of  more  than  eight  days  of  development 
all  pnMluce<l  retinal  pignicnt ;  two  f)f  six  to  six  and  one-half  days  and 
one  of  three  to  thn-o  and  one-half  dayH  failed  to  do  so.  All  ha<l  four 
to  five  days  post-mortem  as  the  period  during  which  the  pigment  might 
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form.    Three  embryos  of  three  days  of  developmeDt  or  less  formed  no 
pigment. 

Another  group  of  quite  yoimg  embryos,  of  one  and  one-haif  to  three 
days,  were  placed  during  four  to  eight  days  in  35  per  cent  oxygen; 


Pigment  formation  in  emhrj/ot  from  tggi  nor 
j>ermanentiy  transferred  to  {nearly)  BO  per  c 

mally  ino^aled  for  a  period  and  then 
nt  oxygen  in  incubator  [tw  deeiccation) 

3 
I 

si 

S<5 

EiLLiP  OS  ans- 

ill 

!| 

riaaun  in 

i 

Iiu 

5SSS 

i(It« 

18Sa 

Killed  (7) 

10.0 

13 

40 

fR.,  none  (?) 
\L.,  none 

Black 
None 

Killed  (f) 

80 

10 

4.0 

R.,  none 
\L.,  none 

Tracea 
None 

2« 

Killed  (?) 
Killed  (T) 

7.0 
5.0 

8 
6-8.5 

50 
4.5 

/R.,  black 
\L.,  tracea 
/R-,  trace 
\l.,  none 

Black 
TracM 
None 
None 

ftl 

Killed  (7) 

6.0 

6-6.5 

4  6 

(R.,  tracea 
\L.,  none 
None 

None 

Killed  (D 

3.0 

3-3.5 

5.6 

None 

170 

Killed  (7) 
Killed 

20 
0.1 

3 

5-0 
SO 

MO/MjD/aiT 

' 

Killed 
Survived 

1.0 
2,5 

2-2.5 
5-5.6 

4-6 
0.0 

None 

None 

*  On  the  last  day  of  incubation,  June  28-29,  the  temperature  of  the  incubator 
got  too  high— about  109°F.;laterexaniLDationar  the  embryoBof  this  aeriea  showed, 
however,  that  all  had  died  before  this  period. 

t  ThiB  egg  in  Oi  at  5 ;  00  p-m. 

this  percentage,  however,  at  one  time  became  less  than  normal  and 
killed  six  of  the  eight  embryos.  The  embryos  ranged  from  three  to  ten 
days  of  development;  the  time  post-mortem  for  pigment  formation 
was  only  one  day  (two  days  in  one  case)  and  no  retinal  pigment  was 
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formed  in  any  case  (tAble  6).  A  very  striking  fact  concerninR  this 
series  is  that  there  was  also  no  pigment  in  the  iridea  of  any  of  t  'lig  group 
mhen  they  vere  examitird.  This  pigment  had  certainly  been  present 
earlier  in  the  irides  of  the  (seven)  embryos  which  were  of  more  than 
four  days  of  development.    Since  all  suffered  a  lack  of  oxygon  at  the 


Bjpi  normally  incxibalrd  for  a 
(nearly)  SS  prr  tent  vxygrn' 
rifnry  of  ozi/grn. — Irn  than  ii 


Mhorl  prriod  and  then  'permangntty  trantfrrttd  lo 
in  ittrubofor.  On  Jvly  8  and  1  thtre  wit*  a  dtft- 
thr  air— vrhtVA  caiued  the  daatk  oft  oflht  S  rmbryo* 
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6/29,  p-m.  1 
7/3  .  p.m.  I 
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7  3  .  p,n 
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J| 

B. 

if 
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si 

IS 

s! 
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Killed  (7>* 

30 

6-10 

7/7 

1 

Killed  (?) 

1  5 

R  0 

7/7 

I 

Killed  (?) 

20 

8-9 

7/7 

I 

Killed  (?) 

04 

6  5-7 

7/7 

1 

Survived 

20 

9 

7/7 

0 

Killed 

30 

i-& 

7/7 

2 

Killed  (?) 

3  0  '  5-6 

7/7 

1 

Killed  (?) 

1  3 

3^ 

7/7 

I 

*  Tbia  waa  Iherrtili'aipercentaKeorOi;it  watofcouraeMMitiniMlly  diminlnhed 
lhrou|[h  ihermpirBtionof  theBeveraJ  embryiia.  At  theeDdof  tbe  Arst  three  day* 
the  oxytten  cbamlier  lupporled  a  flame  better  than  the  air  and  waa  then  refilled. 
On  July  7,  however,  at  the  eod  of  a  four-day  period  (and  with  larner  emliryoc) 
there  waa  a  derided  drij-irnry  of  ()i  io  the  ehatnher.  On  July  3  ronrentrated 
NaOlI  Kolulion  wu  placed  in  the  Hoiinm  of  the  chamber  to  abaorb  the  output  of 
COi;  hitherto  the  C()|  h*d  lieen  permitted  to  accumulate.  When  the  rhamlier 
wa«  opened  on  July  7  it  abuwed  a  partial  vacuum,  due  to  the  aheorption  of  <.H>i 


lime  of  death  and  for  wmie  time  Ihfn-after  it  is  reasonable  to  ask 
whether  this  lack  of  nxyxen  ratiwd  an  aciual  disappearance  of  pigment 
already  formed.  That  thin  was  almost  certainly  the  case  is  shown  by 
the  data  of  table  1>. 

Table  7  HUpplici-  details  for  another  group  of  embryos  kept  io  35 
per  cent  oxygen.     Four  of  thes**  birds  hatched  in  the  oiygen  chamber; 
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TABLE  7 
tormalli/  inciAiUed  for  a  period  and  Iken  permanently  transferred  to  (nearlu) 
•er  cent  oxygen  in  an  ineubatoT — the  Oi  supply  being  aulomaiicaUy  maintait^td 

S  per  cent 
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1 
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:^^  \ 
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,„  { 

7/2 
7/4 

7/Il,p.m.* 
7/11, p.m. 

1^ 

7 
7 

Hatched     9 
Hatched     7 

OH 
OH 

91 

7/6 

7/lI,p.m. 

11 

Hatched     5 

OH 

I16n> 

7/7 

7/ll,p,m. 

8 

Killed  (?)  4 

OK 

I6td 

7/8 

7/ll,p.n.. 

12 

Died.          3 
Hatched 

H 

lL'5y 

7/9 

7/ll,p..n. 

8 

Killed        2 

IBSa 

7/9 
7/11 

7/ll,p.m. 
7/ll,p.m 

12 

8 

Killed        2 
Dead  (7)    0 

llTa   1 

7/10 
7/12 

7/ll,p.m.* 
7/12,p,m. 

12 

7 

Killed         1 
Killed        0 

3 

161c    / 

7/10 

7/12 

7/12,p.in. 
7/l2,p.m. 

3 
U 

Killed        2 
Killed        0 

3 

iiem 

7/13 

7/19,pm. 

6 

Killedl       6 

7/15 

7/19,p-m. 

6 

Killed        4 

262 

7/15 

7/19.p.m. 

6 

Killed        4 

125y    { 

7/17 
7/19 

7/19,p.m. 
7/19,p.ni. 

6 
6 

Killed        2 
Killed        0 

3 

91 

7/18 

7/19,p.ra. 

6 

Killed        1 

'Theeggsoftbifl  table  which  were  in  the  oxygen  chamber,  7/1 1  in.  to  7/12  pm. 
were  in  approximately  40  per  cent  oxygen. 

t  This  embryo  was  considerably  macerated  and  iU  tiesueB  fell  apart  before 
<he  examination  could  be  completed. 

;  On  7/24  the  automatic  oxygen  supply  did  not  work  properly  and  there  was  no 
ctcese  of  Oi  in  the  chamber.     The  six  embryos  then  in  the  chamber  wer?  all  dead 
a'  that  time  as  is  shown  by  the  figures  for  the  ages  attained  by  them. 
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they  had  pigment  in  the  irin  and  none  in  the  retina.  Eight  older  em> 
brj'os*  had  three  or  more  dayx  for  poHt-mortem  pigment  fonnation; 
five  of  them  formed  retina)  pigment,  one  failed  and  two  were  not  auc- 
cesfifully  examined.  Seven  had  less  than  three  days  post-mortem  for 
pigment  formation  and  none  formed  the  pigment;  but  these,  like  the 
case  noted  immediately  above,  also  failed  to  show  pigmtnied  iridea  and 
this  raises  again  the  question  whether  a  temporary  i^/in>n«v  of  oxygen 
may  not  have  caused  the  disappearance  of  pigment  alrea<ly  formed. 
For  four  of  these  embryos'  (last  two  rows  or  tabic)  we  ha<l  reason  to 
suspect  a  deficiency  of  oxygen  soon  after  their  death.  It  is  posnib'e 
that  an  unobserved  deficiency  occurred  also  earUer;  if  so  this  may  ac- 
count for  the  five  similar  cases  to  lie  seen  in  the  entire  table.  All  of 
the  nineteen  embryos  of  this  series  attained  the  age  of  three  or  more 
days  lief  ore  death. 

A  further  series  of  ten  embryos  wasverj'  carefully,  and  we  l>elieve  siic- 
eessfully,  kept  during  ten  to  twelve  days  in  a  40  per  cent  oxygen  at- 
mosphere. One  bird  hatched  and  another  partly  hatched  in  the  oxygen 
chamber.  All  lived  very  much  longer  than  when  placed  in  higher 
percentages  of  oxj'gen  and  possibly  all  would  have  survived  except  for 
a  single  but  considerable  aberration  of  temperature  in  the  inculMtor 
(table  8).  All  except  one  (two  and  a  half  days)  of  these  binls  attained 
an  age  of  eight  to  fifteen  days.  Autopsies  were  made  near  to  what  we 
now  recogniie  as  the  minimum  time,  post-mortem,  which  is  necessary 
for  pigment  formation.  This  period  for  one  embryo  was  four  da>-(i;  it 
formed  a  heav>'  black  retinal  pigment.  P'or  three  embryos  the  period 
was  three  days;  one  formed  the  pigment  and  two  faile<l.  For  three 
other  embryos  the  period  was  two  days  and  none  formed  the  pigment. 
For  one  bird  the  period  was  one  day  and  no  pigment  was  fomml.  Fi- 
nally, for  two  this  post-mortem  peritxl  was  less  than  otie  day  and  no 
pigment  was  formed. 

Tables  3  to  8  show  that  it  was  possible  to  <lifTerentiate  in  the  two 
eyes  the  amounts  of  retinal  pigment  formH  post-mortem  in  fourteen 
cases.  In  every  case  the  right  eye  (which,  as  earlier  noted,  is  the  eye  in 
clos<'  contact  with  the  oxygen  of  the  air  chaml>er  of  the  egg)  had  more 
pigment.  The  amount  of  pigment  Ixime  in  the  irides  was  different iatetl 
in  eighteen  embrjos;  in  seventeen  of  th<•^e  the  right  iris  had  more  pig- 
ment and  in  one  ca.xe  it  htu\  Iosk.     In  the  exceptional  case  <table  3)  it 

*  The  flnt  brr  of  IrNf  fl  ia  inrhided  in  thia  Btnteroent. 
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Egg!  normally  incabaUdfor  a  period  and  Ihen  permanentlj/  iramferred  to  (nearly) 
Ifi  per  certl  oxygen  in  incubator — the  Ot  supply  being  automatically  maintained  at 
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R.,  very 

Very 

7,25 

7/28.p.m. 

12 

Killed 

3, 

g.o 

8/fl 

3 

black 

black 

llfim 

L..  dark 

[R.,  very 

None 
Very 

7/27 

7/28,p.m. 

12 

Killed 

1 

7-8 

8/9 

4 

\     hisck 
[h..  dark 

black 
None 

*  This  egg  was  treated  with  others  recorded  in  table  7;  35  per  cent  of  Ot  was 
used  for  that  series. 

tOn  the  night  of  7/28-29  the  temperature  of  the  oven  reached  109°F.  Al- 
though none  of  the  enibryoB  died  at  that  time  it  is  possible  that  the  birds  here 
marked  "killed  (?),"  wereat  least  weakened  by  this  high  temperature. 

t  This  bird  pricked  the  shell  but  died  before  eomplete  hatchiuK. 

was  not  recorded  whether  the  position  of  the  embryo  in  the  egg  was 
normal. 

Another  fragment  of  data  bearing  on  this  topic  is  supplied  by  table  ■ 
9.  In  this  case  twenty-four  embryos  were  killed  by  a  deficiency  of 
oxygen  (or  poisoning  with  100  per  cent  CO;).  In  two  cases  the  amounts 
of  iridial  pigment  in  the  two  eyes'  could  be  distinguished.    Here  one 
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rifcht  irix  showed  more  pigment  and  onp  ohowed  lef«.  It  nil)  be  noted 
in  that  ftroup  that  only  four  of  twenty-four  pairs  of  irides  showed  any 
pigment  although  it  b  practically  certain  that  all  of  these  irides  con< 
taine<]  pigment  at  the  time  of  death,  ^lien  killed  by  C'()t  and  kept 
in  CO*  for  periods  of  five  to  eight  days  not  more  than  six  of  the  forty* 
eight  irides  showed  any  trace  of  pigment. 

The  data  of  table  9  were  obtained  with  the  purpotte  of  learning 
whether  po8t-morteni  pigment  formation  can  occur  in  the  abxcnce  of 
oxygen.  The  data  previously  obtained  had  shown  (hat  such  pigment 
ran  form  in  oxygen  percentages  ranging  Ix-tween  that  present  in  normal 
air  and  100  per  cent.  Three  separate  groups  of  embrj'oo — as  indicated 
by  the  diviHions  on  the  table — were  separately  uned  in  this  studj-. 
Having  previously  learned  that  the  stage  reached  by  the  enibr>'o  must 
be  three  or  more  davH,  only  embryos  from  four  to  nine  daj-s  of  develop- 
ment were  used.  The  table  makes  clear  the  fact  that  in  the  absence 
of  oxygen  not  a  single  case  of  pigment  (choroid-retinal)  formation 
occurred. 

Observations  on  embryos  at  the  hatrhing  stage  (fourteen  to  fifteen 
days)  are  not  complete.  Three  groups  of  these  embryos  kept  in  air 
at  30°,  50°  and  58°  respectively,  failed  to  show  a  formation  of  pigment. 
Higher  percentages  of  ojiygen  and  higher  temperatures  have  not  been 
tried.  These  experimenta  were  nut  precisely  parallel  to  those  made 
with  younger  embryos  since  the  eggs  were  partly  opened  to  make  sure 
that  the  bird  was  alive;  in  some  cases  the  mature  embr>'Ofl  were  re- 
movetl  entirely  from  the  shell.  All  these  embryos  dried  faster  than  the 
eariier  embryos  although  in  the  lot  kept  at  58°  moisture  was  continu- 
ally kept  in  the  lN>ttom  of  the  containing  rhaml>er.  It  is  perhaps  con- 
ceivable that  the  drier  cornea  and  sclera  greatly  lei*m>ned  the  oxygen 
supply  to  the  choroid  and  retina.  It  is  alw>  conceivable  that  the  later 
and  more  complete  differentiation  of  the  outer  layer*  of  the  eye 
greatly  restrict  the  diffusion  of  oxygen  into  the  eye. 

In  view  of  Meirowsky's  rerord  of  the  formation  of  the  pigment  in 
boih-d  pieces  of  skin,  the  following  incomplete  results  are  perhaps  of 
inten>Bt .  Six  eggs  containing  embr>-os  were  subjected  for  fifteen  min- 
utes to  a  temperature  of  100°  to  107°.  These  eggs  were  then  kept 
over  moisture  at  a  temperature  of  52°  to  55°C.  during  four  and  six  daj-s. 
When  tiiese  embr>'i>s  were  examined  they  were  found  sumninded  by 
considerable  moit^ure  and  no  pigment  hiid  fomiwi  p(K<t-mor(eni  in  any 
ca«'.  Since  the  heating  of  the  eggs  and  the  presence  of  moisture  in 
ronsi<l(Talile  amount!'  may  have  les«enci]  the  amount  of  available 
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Eggt  normally  incubated  for  a  period  and  then  permanentl}/  transferred  to  (nearly) 
100  per  cent  COt  in  incubator.  Three  separate  tete  of  eggt  used,  a»  indicated  by 
the  ditiieione  of  the  table 


S 

1 

SB 

i 

s 

5 

8 

5= 

3 

E 

la 

si 

P 

,.a«»T« 

\ 

""r.'sr" 

Iri* 

S^ 

188*   1 

,e,{ 

116n)  1 

7/31 
8/2 

8/1 
8/3 

8/1 
8/3 

8/1 
8/3 

8/2 
8/4 

8/B,    P 
8/9,     p 

8/9,    p 
B/9,    p 

S/9.    p 
8/9,    p 

8/9,    p 
8/9.    p 

8/9,    p 
8/9,    p 

m 

m 
m 

Q 

8 

e 

8 

6 

8 

6 

8 

e 

8 

Killed 
Killed 

Killed 
KUIed 

Killed 
Killed 

Killed 
Killed 

Kilted 
KUted 

s 

7 

8 
6 

8 
6 

8 
6 

7 

9 
7 

7 
5-6 

7,5-8 
ft 

7-7.5 

ft 

6.&-7 
5 

8/lS 
8/17 

8/IS 
8/17 

8/15 
8/17 

8/lS 
8/17 

8/16 

8/17 

6 

8 

6 

8 

6 
8 

6 

8 

6 
8 

None 
[R..  inner  ring- 
\L..  none 

None 
None 

None 
None 

Trace  T  (inner) 
Trace  T  (inner) 

None 
None 

None 
None 

None 
None 

None 
None 

None 
None 

None 
None 

161d   1 

•I 

170     1 

8/4 
8/6 

8/4 

8/6 

8/7 
8/9 

8/13,  p 
8/W,  p 

8/13,  p 

8/13,  p 

8/13,  p 
8/13,  p 

m 
m 

m 
m 

8 
8 

8 

8 

8 
8 

KUled 
KiUed 

Killed 

KUted 

Kilted 
Killed 

9 

7 

9 
7 

6 
4 

8 
7 

9 

7 

!^5  5 

4 

8/21 
8/21 

8/21 

8/21 

8/21 

8/21 

8 
8 

8 

8 

8 
8 

None 
None 

;R.,none 
\  L.,  trace? 
(inner) 
None 

None 
None. 

None 
None 

None 

None 

None 
None 

-  ( 
„■  ( 

188a   f 

8/12 
8/14 

8/13 
8/15 

8/14 
8/16 

8/15 
8/17 

8/21,  p 
8/21.  p 

8/21,  p 
S/21,  P 

8/21,  p 
8/21,  p 

8/21,  p 
8/21,  p 

m 

m 
m 

S 
6 

5 

5 
5 

6 
S 

Killed 
Killed 

KUled 
KUled 

Killed 
KUled 

KUled 
Killed 

g 

7 

8 
6 

7 
3 

6 

4 

r 

7-7.6 
5  5-6 

6 
4« 

55 

8/26 
8/26 

8/28 
8/26 

8/26 
8/26 

8/26 
8/26 

None 
None 

None 
None 

None 
None 

None 
None 

None 
None 

None 
None 

None 
None 

None 
None 
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oxygen,  thifl  teat  is  unsatisfactory.  The  experiment  wan  therefore 
repeated  and  modified  by  removing  a  part  of  the  shell  from  the  air 
space  in  order  to  permit  an  ingress  of  air.  These  embrj-os,  however, 
became  very  dry  within  forty-eight  hours.  No  pigment  had  formeti; 
but  in  view  of  our  results  on  the  younger  embrj'oe  the  time  was  not 
sufficient. 

TABLE  i» 
Pigment  in  tytt  o}  control  bird*  htUtd  at  rarioui  agrt 


nana 

no 

ric 

■Tllf 

(tllU) 

tor  BO 

Aoa 

, 

tUtilM- 

(PIMJ 

loino 

io» 

~.^~ 

RMIOk- 

'" 

1 

— 

*v* 

In. 

ebarciid 

if 

1 

[ 

1 

145 

Duk 

Nonc 

o,     ' 

» 

M 

Dark 

Nona 

170       { 

2 

100 

Duk 

Sotip 

91     ^ 

10 

*» 

Dark 

None 

3 

98 

Du-k 

None 

,«.      ^ 

11 

44 

Dark 

None 

[ 

4 

74 

Dark 

None 

l«l     . 

12 

42 

Dark 

Non« 

[ 

6 

206 

Dnrk 

None 

361 

13 

40 

Dark 

None 

188a     \ 

S 

91 

Dark 

None 

262* 

14 

i2 

Dark 

None 

7 

m 

Dark 

None 

116m 

15 

40 

Dark 

None 

8 

70 

Dark 

None 

118a 

16 

68 

Dark 

None 

*  ParcnU  similar  to  binla  of  pair  Li61.  All  of  the  younjt  produced  Ity  this  pair 
were  of  while  color.  One  ru  from  thia  pair  waa  uaed  in  the  studies  outlined  Jn 
Ubie  7. 

In  a  last  examination  of  this  point  three  pain  of  6-  to  8-<]ay  embryos 
were  used.  The  three  JUlayembr><w  were  killed  at  103°;  the  3-to6-<lay 
embryott  were  killed  by  imniomion  in  a  saturated  solution  of  Hgf'lt. 
care  being  taken  to  prevent  the  air  space  of  the  egg  fn>m  roming  in  eon- 
tact  with  the  Kolution;  the  uni'oagulaled  niembrane  would  therefore 
continue  to  pemiil  the  inEn>s«  of  oxygen  into  thoftreggH.  Thettixem- 
brj'os  were  all  exiunined  at  the  rml  of  four  dayc.  The  three  kille<l  at 
lO-'J"  nhowed  no  retinal  pigment;  (he  three  embr>-os  killeii  in  Hg<*li 
all  showed  heavy  fomiatifms  of  retinal  pigment.  In  our  «tudic»  there 
has  l)e<'n  no  trace  of  pigment  formation  in  any  embrj-o  Hubjected  to  a 
temperature  of  100°  or  more  for  peritxls  of  five  to  fifteen  niinut4-M, 

Our  olKKTVulion!)  and  data  indicate  that  the  post-morlem  pigment 
formation  Ix'gins  at  the  inner  (pupillar>')  edge  of  theirio,  later  appears 
in  the  outer  iris  and  xtill  later  in  the  entire  retina-i'honml  area.  Tliis 
serieti  ha.1  an  intere;<ting  parallel  in  (he  order  in  which  the  pigment  anM-s 
in  the  normal  ontogeny.     .MI  of  the  several  earlier  stages  (less  than  3- 
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day  embryo)  of  these  living  white  embryos  have  no  pigment  in  the 
iris.  When  the  pigment  first  appears  it  forms  an  inner  ring  to  the 
iris  which  is  later  extended  to  the  outer  iris.  In  these  doves  the  retina- 
choroid  area  remains  pigmentless  throughout  hfe  but  in  their  closest 
relative,  the  blond  ring-dove  (Si.  risoria),  the  formation  of  iridial  pig- 
ment is  followed  by  the  pigmentation  of  the  retina-choroid  area  A 
histolc^ical  study  of  the  macerating'"  ocular  tissues  bearing  the  pig- 
ment was  attempted  in  only  unfixed  and  smear  preparations.  Aside 
from  the  precise  placement  of  the  pigment  its  solubilities  and  appear- 
ance in  fresh  preparations  under  the  microacope  show  that  it  is  unques- 
tionably melanin  ocular  pigment. 

POST-MORTEM     PIGMENT     PORUATtON     AND    THE     POHTULATION     OP    TUB 

ABSENCE  OP  GENETIC   COLOR    PACTORS   IN    WHITE   AND 

ALPINO   ANIMALS 

On  this  topic  only  a  few  statements  will  be  added  to  those  made  in 
the  introductory  to  this  paper.  Table  11  has  been  prepared  to  show 
the  character  and  origin  of  the  parents,  grandparents,  etc.,  of  the  pairs 
which  supplied  the  embryos  for  this  study.  None  of  the  birds  used  is 
capable  of  producing  offspring  of  a  color  other  than  white  when 
mated  to  any  other  of  the  twenty-two  birds  of  the  list.  None  of  the 
offspring  of  these  pairs  ever  produces  retina-choroid  pigment.  Under 
the  conditions  described  above  all  of  them  can  and  do  form  the 
pigment. 

The  bearing  of  this  fact  on  theories  of  color  inheritance  which  make 
use  of  "presence  and  absence"  and  "inhibitor"  concepts  is  fairly  obvi- 
ous. Clearly  none  of  these  white  animals  wholly  lacks  a  discreet,  seg- 
regable,  germinal  entity,  without  whose  presence  the  formation  of 
black  melanin  pigment  is  impossible.  This  fact  may  assist  in  prescrib- 
ing Umits  to  the  frequent  and  enormous  liberties  taken  with  the  "pres- 
ence and  absence"  hypothesis.  Concerning  the  wholly  hypothetical 
"inhibitors" — the  convenient  and  ever-present  refuge  of  some  geneticists 
— it  may  be  said  that  the  facts  of  post-mortem  pigment  formation  seem 
to  suggest  one  limit  beyond  which  the  imagination  of  their  creators 

"One  may  recall  in  thia  connection  th^t  lyroain  was  early  identified  among 
the  products  of  autolysis  by  both  Jacoby  and  Satkowski.  It  ia  poasiblc  that  the 
delay  in  the  post-mortem  pigment  formation  is  associated  with  a.  delay  in  the 
liberation  of  tyrosin  or  other  chromogen. 
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TABLE  II 
Showing  Ihf  rharaflfr  and  origin  of  Ihr  parrntf  nl  Ihr  rm/ir^w  ««<(  in  !*•■«(  t'udirt. 
El-try  bird  u«»  "/  irhilr  riilar;  lUl  had  pigmi  itli  tt  iridfr  and  ntm-fiigm-  hlrd ehmoiih . 
Biffii  pair  ha>  prodiirrd  only  irhilr  offrprirtg 


;i" 


■    iil 


h\  \h 


Brolhpr    Si.  alba  \\)- -ritoria  ii) 
Sister    St.  alba  ijj-  -ritoria  f|) 


p  pnrentB  as  abovf ) 


f-  Offspriaft  at  pair  170  above) 
(-  Sister  to  pair  170  above) 

(-  Brother  to  pair  170  abovr) 
Extraeted    white    from    alba-ritorio' 
douraeat 


Brother  (aire-lirother  to  pair  170  above, 
and  dam  -  aiater   to    9    or   pair  91 

Siairr 

(-  Brother  to  pair  161  abovp) 
( -  OflsprioK  of  pair  91  alrave) 


Nearly  pure  St.  aJba 
Kxtract^  white.  or"r 
ttlond  parpata 


■  (?i  from  ,       13 


*  Niine  of  the  emliryoii  or  ofTsprinR  u. 
the  fiiumi  of  this  eolumn, 

t  The  female  Krnniljiarerit  <if  pnir  I7D  wan  an  exlrnrt 
SI    aU.i  with  SI    rt.„r,a 

:Thr  parentx  wen-    .'  all.„-r,.or,a  and    •)    all.n^o, 
dnrk  rolor  rrK|H-rlively.     All  of  the  while  youni  of  Ihi*  .nd  li 
itinti-d  'ntir  •/ or  with  .Vf   atbn.  Iinve  lhri>wn  onfi/ while  rirTH|.rinK 


theae  piuiiirnl  sluilicn  is  rnunted  in 

n  exlrnrtcd  while  from  n  rrnuJnKof 

..r.n.  of  l.lond  and 
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may  not  go:  The  regnancy  of  the  color  "inhibitor"  certainly  does  not 
extend  beyond  death. 

The  facts  of  post-mortem  pigment  formation  lend  support  to  the 
following  conclusion  of  one  of  us  (I),  as  stated  {p.  330)  in  1909: 

The  specific  color  of  &n  animal  tbcD  is  an  index,  not  or  the  presence  in  the  germ 
from  which  this  animal  arose  of  certain  chromogens  and  specific  lymogens,  and 
the  absence  of  a  wide  series  of  others;  but,  this  specific  color  means  that  a  proceet 
with  a  wide  range  of  possibilities,  beca^iae  of  a  particular  pkyaiological  slate  and 
environmental  corulitiont  has  struck  thia  particular  equilibrium.  One  and  the 
aome  organism  has  within  it  all  that  is  necessary  to  move  that  equilibrium  up  or 

8UUUABT 

The  post-mortem  formation  of  melanin  (black)  pigment  has  been 
shown  to  occur  in  the  retina-choroids  of  white  dove  embryos  of  three 
to  twelve  days  of  development.  The  pigment  is  not  produced  in  earlier 
stages  and  is  not  ae  readily  produced,  possibly  not  at  all,  in  the  full- 
term  or  just-hatched  embryos.  Killing  the  tissues  in  HgCli  does 
not  prevent  the  development  of  the  p^ment.  No  pigment  was 
formed  in  the  few  tested  embryos  which  were  previously  subjected  to 
a  temperature  of  100°  to  lOT'C. 

The  presence  of  free  oxygen  is  necessary  for  the  production  of  the 
pigment.  It  will  form  in  percentages  of  oxygen  varying  between  that 
present  in  air  and  100  per  cent.  The  pigment  fails  absolutely  to  form 
in  an  atmosphere  of  Cd;  further,  it  seems  probable  that  the  inner  ring 
of  iridial  pigment  which  is  present  in  older  living  embryos  entirely 
disappears  when  kept  after  death  in  the  presence  of  high  percentages 
of  CO,. 

The  facts  of  post^nortem  melanin  formation  have  a  bearing  on  cur- 
rent theories  of  color  inheritance  and  development.  They  coincide 
with  the  view  advanced  by  Riddle  in  1909,  and  present  difficulties 
and  limitations  to  the  "presence  and  absence"  hypothesis  of  color 
development. 
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V<'r>'  few  data  have  hitherto  l>eon  ohtained  on  (he  ehemiral  rom- 
poKJtionof  the  brains  of  individuals  with  hereihtary  mental  deficieney  or 
derangement.  Fewer  atilt  are  such  data  obtained  from  otherwise  healthy, 
nonnal  individuals  whocie  brains  were  prepared  for  analysis  at  the  mo- 
ment of  death.  In  no  case,  so  far  as  we  are  aware,  has  it  {>een  posMihIe 
to  obtain  duplicate-  Mimples  of  abnormal  brains  and  to  compare  them 
with  normals  of  e.>(M>ntially  the  rame  parontaRe  and  of  similar  age. 
All  ofthew  advantaK<^  are  present  in  the  case  of  the  brains  of  the  pigeons 
here  descrilxnl. 

A  limited  numlM>r  of  chemical  studies  of  human  brains,  from  individ- 
uals, dead  of  vari<ius  diseaws  and  acute  infertions,  have  \xfn  ma<Ie. 
Sfill  other  experiments  have  l>een  conducted  with  the  object  ttf  in- 
fluencing the  chemical  composition  of  the  brain  of  various  animals  by 
complete  starvation,  by  undcrfee<ling  or  by  the  feeding  of  specific  or 
pnrticular  diets.  It  dcM-s  not  s<i'ni  to  us  that  the  lilerature  t>ennng 
upon  these  topics  requin-s  special  treatment  here  since  our  itata  were 
obl.iined  from  bruins  showing  heretJitary  derangement  i  nd  particularly 
since  in  this  ni&Ierial  there  is  renN>n  to  lM>lie\-c  (hat  something  of  the 
condition  found  at  death  was  continuously  pres^'ut  since  the  early 
development  of  the  embr\-o  and  is.  quite  probably,  not  to  lie  wholly 
arcountfKl  for  by  siiliMquent  degeneration. 

UATKKIAL  AND    yETIIlHtS 

Tile  functiotiul  iitinounalily  a^HH'iut<-d  with  the  brains  sludi<<d  is 
recognizable  and  <liwriliabte  as  a  lack  of  control  of  the  Wiiuiitary  mo\T- 
nicnts.     This  Iijli  tw-en  shown  in  diffen'nt  degnt-s  by  different  individ- 
ual birds.     OccaHJonally  a  bird  deficient  in  motor  nrtittol  in  early  life 
12* 
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becwncs  normal  at  a  later  period  and  convei-scly  some  birda  apparently 
noimal  in  eaily  life  may  partially  lose  the  control  of  their  voluntaiy 
movements  in  lat«r  life.    Usually  the  derangement  persists  until  death. 

It  is  not  yet  cei-tain  by  what  name  this  disorder  should  be  called. 
Even  before  the  present  chemical  data  were  obtained,  however,  there 
were  good  reasons  for  designating  the  brain  as  the  seat  of  the  disorder. 
A  preliminary  description  of  the  origin  and  inheritance  of  the  disorder 
has  been  published  by  one  of  us  (1) ;  provisionally  the  disorder  has  been 
called  ataxia(?).'  It  may  here  be  stated  that  the  more  usual  manifes- 
tations of  the  disorder  are :  Nodding  of  the  head  or  nodding  and  swaying 
of  the  head  and  neck;  unsteady  gait;  tipping  (Bomersaulting)  back- 
wards or  forwards;  falling  on  the  side;  very  irregular  flight,  the  bird 
even  flying  backwards.  The  same  bird  often  exhibits  two,  three  or 
perhaps  all  of  these  irregularities.  Practically  all  affected  birds  are 
unable  and  uninclined  to  sit  on  a  perch,  remaining  constantly  on  the 
ground  or  on  a  flat  ledge.  In  the  most  affected  individuals  there  seem 
to  be  no  movements  whatever  of  wholly  notmal  coordination ;  in  aver- 
age cases,  however,  the  disturbances  are  much  incicasrd  under  excite- 
ment, fear  or  any  attempt  at  increased  or  moi-e  vigorous  movement. 
In  a  few  cases  the  movements  have  seemed  fairly  normal  when  the 
bird  was  at  perfect  rest.  Several  of  the  affected  birds  have  mated  and 
produced  young. 

The  neceasaiy  data  for  age,  sex,  brain  weight,  body  weight  and  de- 
gree of  ataxia  are  fully  given  (tcble  3)  for  each  individual  bird  and  for 
each  group  of  five  birds  whose  brains  were  combined  into  one  sample 
for  chemical  analysis.  The  birds  were  all  killed  by  decapitation  and 
the  brain  removed  immediately,  using  the  following  technique;  The 
skull  was  opened  with  small  bone-forceps  so  as  to  expose  the  convexity 
of  the  brain  from  the  fourth  ventricle  to  the  olfactory  bulbs.  An 
incision  was  made  just  posterior  to  the  fourth  ventricle,  the  brain  was 
then  hfted  up  with  forceps  and  the  optic  nerves  cut  close  to  the  eye- 
balls and  the  olfactory  bulbs  left  attached  to  the  brain.  Each  brain 
was  quickly  weighed  and  placed  in  a  sufficient  quantity  of  redistilled 
alcohol  to  make  the  final  concentiation  of  alcohol  about  85  per  cent. 
Five  samples  were  collected  in  this  way.  Two  of  these  were  controls, 
one  from  younger  and  one  from  older  pigeons;  and  three  samples  were 
formed  from  brains  of  bu-ds  showing  three  different  degrees  of  ataxia. 

'  CompetentneurologiBtshaveundertakenaBpeciBlstudy  of  the  brains  of  these 
abnormal  birds;  probably  the  center  or  centers  of  the  disorder,  or  further  knowl- 
edge of  the  nature  of  the  disorder,  will  be  disclosed  by  that  study. 
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In  the  pretmnt  paper  it  is  not  thougbt  necessary  to  describe  in  detail 
the  method  (2)  useii  in  the  determination  of  the  several  chemical  cod- 
Btituents  of  the  brain  further  than  to  say  that  these  brains  were  aUowed 
to  stand  in  the  alrahol  for  two  months,  after  which  a  hot  alcohol  'extrao- 
tion  was  made,  followed  by  an  ether  extraction ;  the  brain  materia)  was 
then  softened  with  water  after  grinding  to  a  fine  powder  in  a  mortar. 
A  final  85  per  cent  alcoholic  extraction  for  fifteen  hours  completed  the 
extracti6n.  By  this  procedure  the  Upoids  and  water-soluble  extractives 
were  separated  from  the  protein  residue.  The  lipoids  were  then 
separated  from  the  extractives  by  precipitaticHi  with  acid  (0.6%  HCI  and 
CHCU),  and  the  sulfur  and  phosphorus  determined  in  each  of  these 
three  fractions.     Cholesttrol  was  determined  in  the  lipoid  fraction. 

PRESENTATION  OP  DATA 

Tables  1  and  2  give  the  analytical  results  obtabed  in  the  normal  and 
ataxic  brains.  Tables  3  and  4  give  general  information  concerning  the 
nature  of  the  various  samples  as  used  for  analysis.  It  is  well  known 
that  the  chemical  composition  of  the  brain  varies  greatly  with  age; 
the  age  of  each  individual  and  of  each  group  of  individuals  is  com- 
pletely gi\-en.  The  sex  also  is  indicated  in  all  cases  although  it  is 
fairly  certain  that  only  slight  differences,  if  any,  exist  in  the  percentage 
composition  of  the  brains  of  the  two  sexes. 

An  examination  of  the  figures  of  table  1  shows  that  the  group  ot 
"motft  ataxic"  pigeons  had,  among  the  five  groups  compared,  the 
highest  percentage  of  water,  prot<-in  and  extractive  sulfur;  and  the  low- 
est percentage  of  Upoids,  phosphatides,  and  cholesterol.  The  "more 
ataxic"  group  has  percentage  values  which  are  intermediate's  of  those 
of  the  "slightly  ataxic"  and  "most  ataxic"  groups  in  practically  all  of 
the  above-mentioned  fractions. 

Our  own  study  of  these  data  inclines  us  to  the  view  that  the  brains 
of  the  atoxir  pigeons  tend  to  remain— from  a  chemical  standpoint  — 
in  a  juvenile  or  infantile  condition.  The  departun-s  of  the  various 
chemical  constituents  of  the  ataxic  brains  from  the  normal  ant  con- 
sistent with  the  differences  known  to  exist  Ix-twet-n  the  brain  of  the 
jtiung  and  the  adult.  Concerning  the  n-lation  of  agi'  to  the  chemical 
compoHJtion  of  the  human  brain  W.  Koch  l3)  concluded  as  follows: 

Analy«iii  af  the  brain  at  different  afn  sbow*  that  with  the  growth  of  Um  brain 
tber«  i«  a  dpcreaae  in  the  amount  of  muiiture,  proteina,  eiirartivn  and  aab;  and 
the  rerebrina.  lipuidi  and  cboleiit«rin  inervAM.    Alao  lher«  i*  an  inerMae  in  th« 
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lipoid  aulfur  and  phosphorus  and  a  decrease  in  the  neutral  and  inorganic  sulfur 
[■•extractive  sulfur  in  tables  1  aad  2  of  the  present  paper)  and  extractiva 
phosphorua. 

Koch's  published  figures  on  the  relation.of  age  to  chemical  composition 
of  the  human  brain  are  placed  by  us  in  table  1  to  faciUtate  a  compari- 


TABLE  I 
Con»liUienU  oj  pigeons'  brains  in 

pereentaf/e  of 

solids 

u 

'i's 

E 

.11 

1 

""'^L^t'^:^"^'' 

.-«.. 

,.™ 

i»rmn 

W»t«r  in  per  cent 

Proteins 

Upoida 

79.52 

49,72 
37.15 
13.13 

22.99 
6  10 
7,37 

79  57 

50.86 
36  42 
12  72 

22,39 

(8  08) 
7  08 

BO.  25 

52  10 
34  87 
12.90 

21.91 
6  26 
680 

79.83 

50.73 
37.08 
12,19 

23  52 

79.97 

49.99 
36  76 
13  24 

22.93 
6.48 

88.78 

46.6 

33.1* 
203 

24.2 
1.6 
1.9 

80.47 

40,1 
47,4' 

12,5 

25, S 

8,7 

76,42 

37.1 
52.0* 

Phosphatides 

Sulfatidea 

27,3 
4,9 

Distributio 

n  of  sulfur 

Protein  sulfur 

Lipoid  sulfur — 

Extractive  sulfur 

0.527 
0,122 
0.105 

0,496 

(O.lfll) 
0,104 

0  520 

0,128 
0  118 

0,483 
0,126 
0084 

0,129 

Ei 

50,0 
17,0 
24  0 

62.0 
22.0 
15.0 

0,754 

(0.761) 

0  766 

0,694 

0668 

0,52 

0,58 

Distribution  of  phosphor 


Protein  phosphorus  

Lipoid  phosphorus. 
Extractive  phosphorus 

0,272 
0.892 
0341 

0.289 
0.869 
0,328 

0.268 
0.850 
0.326 

0.285 
0.912 
0304 

0,295 

0.889 
0345 

51 
41t 

6.0 
67  0 
27,0 

5,0 
72,0 
23,0 

Total  phosphorus 

1.503 

1.486 

1444 

1.502 

1.529 

1.72 

1,48 

1,45 

*  Total  lecithins,  tccphalins,  cerebrios  and  cholesterin. 

t  Sulfur  in  per  cent  of  total  aulfur. 

t  Phosphorus  in  per  cent  of  total  phosphorus. 

aon  between  the  ataxic  and  normal  pigeon  brains  in  the  hght  of  the 
known  changes  in  composition  due  to  age. 

It  may  be  noted  that  the  total  phosphorus  in  the  ataxic  brains  is 
somewhat  less  than  in  the  nonnal.    This  is  contrary  t«  expectation 
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rrom  the  Btandpoint  of  thr  fiKurcB  givrn  for  the  rpUtion  or  agp  to  phm- 
phorus  content  in  the  human  brain.  It  will  he  seen,  howcvrr,  that  in 
the  more  complete  fiKurex  pven  for  the  rat'n  br&in  (appended  to  table 
2)  slightly  less  phoflphonis  was  found  in  the  lO-day  th&n  in  the  120-day 
rat.  The  slightly  lower  total  phosphorus  valuer  found  in  the  ataxica 
as  eompared  with  noimals  is  therefore  pomibly  not  valid  evidence 
against  the  juvenile  character  of  the  ataxic  brains. 

Details  of  the  distribution  of  sulfur  and  phosphorus  calculated  in  per 
eent  of  total  sulfur  and  total  phosphorus  are  given  in  table  2.  To  table 
2  are  adtletl  for  comparison  the  same  fractions  obtained  from  albino  rats 
of  various  ages.  Thene  Ggure-n  (fhux  calculat4>d)  obtaine<l  on  the  rat 
indicate:  a.  Protein  sulfur  is  present  in  smallest  amounts  in  the  young- 
est stages.  The  "more  ataxic"group  of  brains  wems  to  show  thissmall- 
est  proportion  of  protein  sulfur,  h,  Lipoid  sulfur  is  similarly  present  in 
smallest  amounts  in  the  youngest  stages  of  the  rat.  The  "slightly 
ataxic"  and  "most  ataxic"  groups  of  pigeons  show  lower  values  than 
either  of  the  two  normal  groups,  c.  Extractive  sulfur  is  present  in 
greatest  amount  in  (he  youngest  stages  of  (he  rat.  It  is  piesenl  in 
greatest  amount  in  the  "most  ataxic"  pigeons,  d,  Protein  phosphorus 
is  apparently  less  in  rats  of  twenty  days  than  in  either  older  or  younger 
stages.  The  five  groups  of  pigeons  brains  show  no  consistency  in  this 
figure,  either  in  reference  to  age  or  to  affected  and  unaffected  brains. 
e,  Lipoid  phosphorus  is  lowest  in  youngest  rats.  It  is  lowest  in  the 
much  younger  normal  pigeons  but  plainly  lower  in  the  three  groups  of 
ataxics  than  in  the  older  normals.  /,  Kxtraclivc  phosphorus  is  found  in 
greatest  relative  proportion  in  the  youngest  stages  of  the  rat.  All 
three  grou|)s  of  "ataxic"  pigeons  show  higher  values  than  do  the  older 
group  of  normals,  but  values  in  cIomc  agreement  with  thoee  of  the 
much  younger  normals. 


Tliere  arc  m'veral  questions  which  naturally  aris«'  in  connection  with 
an  examination  and  interpretation  of  the  annlyticnl  n-sults  obtained  on 
theiu'  pigeon  brains.  We  hH\'e  sought  to  supply  data  prot>ably  use  ul 
as  giving  answer  to  some  of  lhr>M-  queslioiiH,  in  the  fonn  of  tables. 

Tables  3  and  4  show  thnt  the  ImmI}'  weight  ami  bniin  weight  of  the 
males  UM-d  were  greater  than  thoM>  of  the  females  and  that  the  avi'rage 
age  of  the  males  wr.s  less  liy  fift<-en  days.  There  is  little  of  real  imma- 
turity, however,  in  either  group,  the  youngtst  birds  (table  4)  of  either 
sex  stiowing  brain  weights  nearly  or  quite  espial  to  theaverage  for  their 
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DittribvHim  of  ndfur  and  pkotphonu  in  percenlage  of  total  lulfur  and  total 

OMor 

. 

.. 

m 

69.64 
18.24 
12.12 

' 

69.88 
16.18 
13.94 

65.12 
(21.22) 
13.06 

67.93 
16.70 
15.37 

Total  Butfur  (id  per  cent  of  solids). . 

0.764 

(0.761) 

0.766 

0694 

0.668 

18.09 
59.26 
22-66 

19.46 
58.44 
22.10 

18.52 
58.88 
22.60 

19.00 
80.77 
20.33 

68  17 

1.603 

1.486 

1.444 

1.502 

e  chemical  groups  in  nlbino  rat  of  different  ages  for  comparison  (14) 


ProteiD  sulfur* 

Lipoid  sulfur 

Extractive  sulfur.. 


/  31.10 
\  30.00 


/    3.20 
\    2.80 


/  65.70 
\  67.20 


Totalsulfur  (in  per  cent  of  solids). 


f    0,96 
\    1.01 


Protein  pbospborus 

Upoid  phosphorus 

Extractive  phosphorus. . 


/  13.30 

\ 

/  33.20 
\  33,00 

/  63.60 
\  63.60 


26.80 
30.40 

1.40 


Total  phosphorus  (in  per  cent  of    /    1.8 
solids) \    1.8 


*  Duplicate  analyses  throughout  this  part  of  the  table. 
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TABLE  1 

e  <v<,  MX,  brain  umghl,  body  weight  md  deffr**  of  aUaia  of  iKt  JfM 
groujM  of  pigeofu  tvkich  tupptitd  *ampU$  for  anofyrii 


>n)H- 

.4«n. 

>».„ 

*am 

w„^ 

*.<.« 

dar* 

#m. 

«r.M 

( 

9M3S: 

135 

1  7W 

332 

9  MSN 

12» 

1  Ml 

300 

SUt^tly  kUxic 

Femde«(6) \ 

9K14a 

143 

1  606 

397 

'• 

9K17: 

183 

1  «B 

308 

[ 

9K13A 

240 

1  867 

335 

Average  of  aunple 

106 

1-784 

314 

9K24e 

«i 

1  811 

3B2 

336 

HoreftUne 

Average 

98 

1,812 

314 

II 

fld-MSW 

134 

1.M3I    S40 

Mdei(3) 

d-KtSI 

IBl 

1078     331 

i 

cfKlSO 

182 

1855     358 

Average   

IM 

1  on     343 

Avenge  o[  Mmple    . 

133 

t  WOj  331 
1  800     300 

( 

9K242 

fa 

Fem»lM(3) 

«K22( 

188 

1  6701    308 

OK  182 

I«6 

1.738|     340 

Ill 

MoataUiic 

Aventge 

M2 

1  735,    317 

MmlM  (2)  . 

rf-Kiee    172 

d-K170     m 
1    IfC 

t  843     360 

1  897     336 

Aven«e   

1  870"    338 

Anrnte  of  umple. .     . 

1     15S 

1.789'    326 

' 

9K19T      im 

1  743     362 

Femslw  (3)  . 

OKIZ4!    IH6 

1  7Wi    340 

1 

PK117     316 

1  9351     U0 

IV  1  Nomul  «.ldrr) 

AveriMtr 

m 

cTKltk')     l£8 

I  82  1    343 

Mdm  (L>) 

3  083!     367 

rf'KiM     173 

1  S5.V    382 

Avermce     . 

1N3 

1  OM     374 

At«j 

mpofMunple 

I.H7tt:    363 
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TABLE  3-CaaiimiM/ 


^» 

DncBinioN  or  uocr 

"^>» 

„. 

w%".V^ 

■OPY 

V 

Normal  (younger) 

Males  (5) 

(fK264 

d-Kseo 

d"M301 
c?K222 

tag, 

69 
83 
109 
123 
144 

1.809 
1.900 
1.940 
2.0ft5 
1.895 

324 
367 
308 

342 
380 

Atb 

106 

1.922 

*  The  age  of  each  bird  includes  the  whole  of  its  incubation  period. 


Male»  and  female*  wkoie  braint  xoere  analyted  lieled  aeparaUly  and  in  order  of 

increasing  age 


Numba-  ind  dcKriiitJoii  of 


Bnbr 


Ka49  (more  ataxic).... 
K242  (moat  ataxic)  .  . 
M357  (slightly  ataxic). 
M31S  (more  ataxic)... 
M355  (slightly  ataxic) 
K143  (slightly  ataxic) . 
K230  (m<Mt  ataxic)... 

K197  (nonnal) 

KI75  (slightly  ataxic). 
K1S2  (moat  Ataxic).. 

K124  (nonnal) 

Kll?  (normal) 

K136  (slightly  ataxic). 

Average 


1.780 
1.813 
1291.831 
1.605 
1.670 
1.743 


K264  (normal) 

K277  (normal) 

K260  (normal) 

M301  (normal) 

M3450  (more  atoxic) . 

K232  (normal) 

K19S  (normal) 

K181  (more  ataxic)... 
K166  (most  ataxic}... 

K163  (normal) 

K180  (more  ataxic)... 
K170  (most  ataxic)... 


1.7S5  324        Average 1411930  355 


Bex.  The  additional  fact  may  be  stated  here  that  our  determination 
of  the  body  weights  of  several  much  older  birds  of  this  strain,  noimals 
and  ataxics,  indicates  an  average  body  weight  scarcely,  if  any,  higher 
than  that  shown  in  the  birds  which  supplied  the  samples  for  analysis. 
It  18  not  yet  definitely  known  whether  the  brain  weight  of  these  birds 
increases  beyond  the  age  represented  by  the  birds  used  in  our  analyses; 
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the  fact  referred  to  above,  however,  concerning  the  approximate  aver- 
age brain  size  of  the  youngest  birds  selected,  would  argue  against  any 
later  considerable  increase  in  brain  weight. 

A  summary  comparison  of  some  of  our  results  with  those  of  earlier 
investigations  on  the  pigeon's  brain  is  given  in  table  5.  Lukjanow  (4), 
who  seems  to  have  used  a  smaller  variety  or  species  of  pigeon  than  ours, 
published  no  data  as  to  the  variety  or  the  age  of  tbe  birds  studied  by 
him.  Funk  (5)  also  failed  to  note  the  age  of  the  pigeons  used  in  his 
studies.  The  brain  weights  and  body  weights'  of  his  birds  indicate 
that  in  these  respects  the  birds  used  were  fairly  comparable  with  those 
used  by  us. 

The  questions  just  raised  concerning  brain  siie  and  body  site  periiaps 
deserve  a  short  additional  statement.  Our  ataxic  birds  were  stnnewhat 
undersiied  as  compared  with  the  normals  although  not  markedly  so;  and 
the  fact  that  the  older  ataxics  were  larger  than  the  younger  ataxics, 
essentially  in  the  order  of  age,  makes  it  reasonably  clear  that  these 
birds  had  grown  continuously  although  more  slowly  than  the  normals. 
It  is  possible  that  the  "most  ataxic"  birds,  because  of  the  extrejne 
awkwardness  of  movement,  sometimes  failed  to  obtain  as  much  food 
as  they  wanted.  On  this  point  it  may  be  noted  that  Hatai  (6)  has 
shown  that  temporary  underfeeding,  in  the  albino  rat,  leaves  unchanged 
theretation  of  brain  weight  (o  body  weight.  Donaldson  (7)  observed  a2.5 
percent  increase  in  the  relative  brain  weight  of  rats  given  specialoppor- 
tunities  for  voluntary  exercise.  It  is  probable  that  the  ataxic  pigeons 
do  not  exercise  as  much  as  the  normals  and  part  of  the  discrepancy  in 
brain  weight  of  these  ataxics  may  be  thus  explained. 

The  studies  of  Mott  (8),  Carlyll  and  Mott  (9)  and  3.  A.  Mann 
(10),  on  the  brains  of  children  dead  of  amaurotic  dementia  tTay- 
Sach's  disease)  are  <^  much  interest  in  the  present  consideration  of 
the  chemical  composition  of  the  brain  in  hereditary  mental  diwww. 
Atl<-ntion  can  here  be  directed,  however,  only  to  some  B«fmingly  wig- 
nificant  agrwments  in  the  two  series  of  data  and  to  the  natun>  of  the 
interpretations  offered  by  the  above^nentioned  invent  igators  for  the  iib- 
MTA'ed  chemical  compcwilion  of  the  brain  in  amaurotic  dementia. 

The  rc:4ullK  »f  Mott  and  of  Mann*  indicate  higher  moiHtum  valut-x  in 
this  dtwwte.  Notably  lew  lipoid  phoKphonitiand  sulfur  with  a  comwpond- 
inginrn-HW' of  thcextractiveforms  were  found.  The  valuif  intheaffc-cted 
tirainn  fur  total  extmctiwfl,  cen'br(wi(le«  and  rhoI«titen>l  twem  unchunged 

*  Mano'll  aoalyiv*  wrn'  CBrrinl  oul  l>y  Ihr  difiIkhI  «f  W,  Kiwh. 
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or  incoiiflintontly  changed.  A  very  pronounced  change  was  found  in  the 
relation  of  nucleo-prot^inB  to  Bimple  proteins.  The  former  were  much 
decreased.  This  result  also  is  paralleled  ■&  the  pigeon  brains,  as  will 
be  seen  from  the  following  calcuUtion'  of  the  amount  of  nucloo-protcin 
in  the  five  groups  of  pigeon  brains:  I,  5.94;  II,  6.38;  III,  5.78;  tV, 
6.30;  V,  6.51.  Perhaps  the  most  noticeable  difference  in  the  affected 
human  and  pigeon  brains  is  that  total  sulfur  and  total  phosphorus  weie 
both  found  by  Mann  to  be  decreased  in  the  human,  while  in  the  pigeon 
we  find  the  total  phosphorus  decrcasedvand  the  tot«l  sulfur  increased. 
The  chemical  variations  from  the  normal  as  observed  in  the  ataxic 
pigeon  brains  and  in  human  amaurotic  dementia  are  apparently  alike 
in  kind. 

The  above-^nentioned  workers  did  not  in  general  int<*rpret  their 
results  in  t«>rms  of  infantilism  or  under-development.  The  following 
quotations  from  their  publications,  which  are  also  concerned  nith  cliui- 
cal  and  histological  studies,  are  given  as  indicative  of  their  interpreta- 
tions and  lonclusions: 

Mott  (1905)  sUtes  that 

The  profound  kff«ction  in  th«  pbyBiologickl  (unctioiu  of  the  central  nervoua 
•yBt«ro  which  charBct«nies  tbi*  diaeup  Duy  be  CBpecislly  ajttoriait^  with  k  bio- 
chemical change  in  the  metabolum  of  the  nucleus.  The  cauH  of  this  r«gT«Hivp 
metabolic  mciamorphMiis  may  be  an  Inherent  lack  of  npcciSc  enerity,  racial  or 
familial,  of  the  aeuronei  and  poiwibly  luime  hitherto  undiH<-i>verr<l  hio-chemical 
alteration  of  the  blood  or  lymph,  ThepxiRtenceof  theneuru-fibrilB,  which  may  be 
reitarded  aa  the  condurtile  structure  of  the  neurones,  which  clinical  facta  lend 
to  show  had  ceased  la  function,  would  support  the  view  either  that  the  Niaal 
■ubnlanrc  which  had  disappeared  was  itself  an  important  ajcent  in  neural  function, 
orthsl  it  wa«  an  anleredent  a(  a  subilanco  al  the  Rvnap-wfi.  The  increase  of  neu* 
ro|[lia  Rbril  nubslBnce  to  an  abnormal  decree  in  cn*e  1.  no  that  the  brain  weighed 
heavier  than  that  of  a  normal  adult,  acrounta  for  the  taricp  amount  of  simple  pro- 
teins and  the  treat  diminution  of  nucleo-proteins. 

C'arlyll  and  Mott  later  (1911)  examined  wven  ca«-»  of  Tay-Sarh's 
diseaw',  two  of  which  were  analyiwi  chemically  by  Mann.  These 
authors  conclude  that  the  cauxc  of  this  (liscnM' %i  "  probably  a  failure  in 
the  germinal  det^-miinants  of  the  ncr«»us  syctcm  peculiar  to  the  Jew- 
ish race,"  and  set  forth  the  hypothmf  that 

It  may  be  due  to  a  failure  in  the  nuclear  material  of  the  neurone  to  build  up  the 
Dudeo-prolein  Nissl  substance  out  of  lipoid  subslanres  riinlainrd  in  the  cyto- 


n  phosphorus  by  factor  (175.4'  as  worknlout  by  Levi 
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plum  which  firet  has  to  be  decomposed  by  nuclear  fennento The 

chemical  analyUB  doee  not  throw  much  light  upon  the  question;  the  diminution  of 
the  lipoid  form  of  phosphorus  sud  sulfur  is  probably  due  to  the  diminutioo  of 
myelin  owing  to  the  failure  of  development*  of  the  myelinated  fibers.  The 
corresponding  increase  of  extractive  forms  of  phosphorus  and  sulfur  may  be 
pooeibly  due  to  a  breaking  down  of  the  more  complex  to  simpler  forma  of  lipoids. 

Mann  stAtes  that  some  (not  all)  of  the  changes  observed  "may  be 
explained  as  the  result  of  nutritive  changes." 

We  believe  that  the  care  used  in  the  preparation  of  the  five  groups 
of  brains  and  the  degree  of  acctiracy  of  the  methods  of  analysis  justify 
our  conclusions  concerning  the  differences  found  in  the  analytical 
results.  We  hope,  however,  to  be  able  further  to  test  and  ampUfy 
the  results  reported  here  by  an  invsstigation  in  which  the  cerebellum 
is  analyzed  apart  from  the  remainder  of  the  encephalon. 

The  birds  used  are  all  inbred  for  two  to  four  generations.  The  orig- 
inal ataxic  female— which  arose  under  conditions  known  in  pigeoDS  to 
produce  weakened  germs, — is  a  common  ancestor  of  them  all  (normals 
and  ataxics).  The  stock  is  mongrel  common  pigeon  but  nearly  all  of 
the  birds  are  three-fourths  homer  (C.  tabellaria)  and  one-fourth  mon- 
grel; a  few  are  about  one-fourth  rock-pigeon  (C.  livia).  Since  the  de- 
rangement (ataxia?)  characteristic  of  these  birds  arose  as  a  wide  varia- 
tion (mutation?)  under  conditions  known  (12)  to  favor  or  induce  the 
production  of  females,  individuals  of  shorter  life-term,  and  lees  vigCH-, 
it  is  of  added  interest  that  the  chemical  composition  of  these  ataxic 
bnuns  indicate  a  retardation  or  restriction  of  the  development  of  an 
important  part*  of  the  central  nervous  system. 


The  brains  of  birds  which  have  very  Uttle  control  of  the  voluntary 
movements  (ataxia?)  have  been  analyzed.  The  data  thus  obtained 
are  compared  with  similar  data  obtained  on  the  brains  of  normal  birds 
of  the  same  parentage. 

The  derangement  first  appeared  (mutation?)  under  conditions  known 
to  lead  to  weakness  in  the  offspring.  The  disorder  is  exhibited  in  all 
•degrees  and  has  been  inherited  undiminished  to  the  fifth  generation. 

<  This  statement  ia,  of  course,  somewhat  siotilar  in  nature  to  the  interpretation 
applied  generally  by  the  authors  of  the  present  paper. 

*  It  is,  of  course,  not  necessarily  to  be  inferred  that  the  whole  of  the  encephaton 
is  chemically  under-differentiated.  Possibly  some  particular  localiied  areas 
are  solely  or  chieBy  involved. 
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Usually  it  is  shown  from  the  earliest  age  of  the  bird  aad  ia  probably 
present  throughout  the  whole  development  of  the  bird. 

The  brains  of  the  affected  individuals  show  iQcreased  values  for 
moisture,  protein  and  extractive  sulfur;  decreased  values  for  lipoids, 
phoerdiatides  and  cholesterol.  In  general  the  less  ataxic  individuals 
show  values  intermediate  to  those  of  the  noimala  and  most  ataxics. 
The  distribution  of  sulfur  and  phosphorus  in  the  various  chemical 
fractions  was  determined. 

The  results  of  the  analyses  of  the  affect«d  brains  are  interpreted  as 
suggesting  a  chemical  undcr-differcntiation  or  immaturity  of  these 
brains.  The  brains  of  affect«d  birds  of  approximately  mature  age  are 
chemically  more  like  the  brain  at  earlier  stages  of  development. 
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In  the  series  of  experiments  in  which  we  undertook  to  investigate 
the  possibilities  of  the  lung  as  an  aerotonometer,  we  used  in  the  first 
instance,  for  purposes  of  comparison,  one  of  Krogh's  aerotonometers  (I). 
Important  difficulties  were  encountered  In  using  this  tonometer. 
First,  the  time  taken  to  reach  equilibrium.  Under  favorable  condi- 
tions it  takes  at  least  twenty  minutes  and  usually  longer  owing  to  the 
fact  that  the  blood  tends  to  run  in  streaks  down  the  tube,  thus  dimin- 
ishing the  surface  available  for  diffusion.  Second,  only  a  amall  quan- 
tity of  gas  is  obtainable  for  analysis  and  since  it  is  desirable  that  all 
analyses  be  made  in  duplicate,  this  is  a  serious  drawback. 

The  following  is  a  description  of  a  new  type  of  aerotonometer  designed 
by  the  late  Prof.  T.  G.  Brodie,  which  has  been  found  to  be  very  satis- 
factory. It  consists  of  two  horizontally  placed  glass  cylinders,  one  in- 
side the  other.  The  outer  tube  is  236  mm.  in  length  and  27  nun.  in 
outside  diameter.  At  either  end  the  tube  is  flanged  to  30  mm.;  the 
inside  diameter  is  23.5  nun.  The  inner  tube  is  supported  by  a  ground 
glass  joint  to  one  extremity  of  the  outside  tube.  Its  length  is  223  mm. 
and  outside  diameter  18  mm.  It  is  closed  at  its  free  end  and  the  other 
end  projects  20  mm.  from  the  outside  tube  to  afford  attachment  to  a 
wheel  which  is  revolved  by  belting  from  the  shafting.  The  outer 
tube  rotates  on  a  ground  glass  surface,  about  a  rubber  cork  surrounded 
by  a  shell  of  ground  glass.  This  cork  fits  into  the  other  flanged  end  of 
the  outside  tube.  Through  the  cork  pass  three  tubes;  a  fine  silver  tube, 
A,  to  bring  the  blood  into  the  tonometer;  a  thick  glass  tube,  V,  which 
carries  the  blood  back,  and  another  fine  silver  tube,  X,  from  which  air 
samples  may  be  taken.  The  blood  enters  through  the  fine  silver  tube, 
situated  lowest  in  the  cork.  This  tube  carries  the  blood  to  the  far 
end  of  the  apparatus.  The  blood  is  returned  by  the  middle  thick  glass 
tube  which  dips  down  to  the  bottom  of  the  tube  immediately  on  its 
entrance.     The  space  between  the  two  cylinders  is  kept  half  full  of 
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blood  so  tbat  the  upper  half  is  filled  with  gas.  The  fine  silver  tube  en- 
t«riDg  fom  the  top  of  the  cork  is  in  communication  with  this  gas.  On 
itt  eiut  the  tube  bifurcat«s,  one  limb  leading  to  a  manometer,  M,  and 
from  the  other  limb  samples  of  this  gait  may  be  extracted  for  analysia. 


^te 


Fi«.  1 

The  volume  between  the  two  cylinders  is  about  34  cc.  When  half 
full  of  blood  this  leaves  15  cc.  of  gaa,  ao  ample  volume  for  several 
analyBcs. 

Id  estimating  the  relative  value  of  different  toDometerB,  great  stren 
has  been  laid  on  the  "specific  surface"  which,  as  defined  by  Krogh  (2), 
is  the  ratio  of  the  volume  of  gas  in  cubic  centimeters  to  the  surface 
available  for  diffusion  in  square  centimeters. 

The  specific  surface  of  thin  tonometer  is  about  7.3,  as  shown  in  the 
following  calculation. 

An-a     i  (2t7H-2»tV)       2w(  (t  +  V) 


Specific  surface 

*  oiumr    I  K^ryi  — 

^     -73. 


Volume  i(2TV/-»T'»0       x/(t  +  7')  (t-t') 
2  2 

■r  -  y  "  0.275 


where  I    -  length  of  inner  cylinder. 

y    -  radius  of  ioner  surface  of  outer  cylinder  —  1.73. 
y'  «  radius  of  outer  surface  of  inner  cyUnder  ■  0.9. 

The  (bickne»!4  of  the  films  of  blood  on  both  the  inner  and  outer  tube 
would  appreciably  diminitth  the  volume  of  gan  and  thus  increane  the  rel^ 
tion  of  area  to  volume  so  that  the  apparatus  has  probably  an  actual 
specific  surface  of  alxiut  10- 

C'ompare<l  with  older  tonometers  on  thin  htwin  no  special  advantage 
has  been  obtaine<l.  The  earliest  ut*ed,  PflUger's,  had  a  specific  surface  of 
3.3  while  the  lat'itt  pattern  of  Krogh 's  (leaving  aside  his  micromoo- 
onieter)  has  a  specific  surface  of  about  30.  But  it  must  be  here  pointed 
out  that  the  rapidity  of  diffusion  depends  not  alone  on  the  specific 
surface,  but  alxo  on  the  rate  or  renewal  of  that  surface. 
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With  each  rotation  of  the  tonometer  a  new  surface  of  blood  is  pre- 
sented for  diffusion  whereby  the  exchange  of  gases  is  greatly  facilitated. 
It  would  seem  desirable  then,  to  employ  as  a  unit  in  comparing  aero- 
tonometers  the  "specific  surface  per  minute;"  that  is  to  say,  the  sur- 
face in  square  centimeters  divided  by  the  volume  of  gas  in  cubic  centi- 
meters and  multiplied  by  the  number  of  times  that  surface  is  renewed 
per  minute. 

The  tonometer  was  usually  revolving  at  the  rate  of  30  revolutions 
per  minute  so  that  the  "specific  surface  per  minute"  of  this  apparatus 
may  be  put  at  300. 

It  is  not  easy  to  calculate  the  specific  surface  per  minute  of  Krogh's 
apparatus  but  it  would  probably  reach  a  value  of  100,  as  indicated  in 
the  following  estimation. 

Air  space  5-15  cc.  say  10. 

Rate  of  flow  of  fluid  15-44  cc.  minutes  say  30. 

Specific  surface  20-33  say  30. 

30 

Specific  surface  per  minute — tz  X  30-90 

To  ascertain  the  equilibrium  time  of  the  tonometer  a  series  of  experi- 
ments was  undertaken  in  which  a  quantity  of  defibrinated  b!ood  was 
circulated  through  the  apparatus  and  samples  of  gas  extracted  at  dif- 
ferent times.  The  perfusion  apparatus  used  was  the  same  as  that  em- 
ployed in  the  experiments  on  the  excised  lung  (3). 

The  following  experiments  will  serve  to  indicate  the  accuracy  of  the 
method  and  the  time  taken  for  equilibrium  to  be  attained. 
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March  to,  i9St.  135  cc.  ot  defibrinated  dog's  blood  in  the  system.  Rate  o( 
How70cc./minutea,  Circulation  time  ooce  every  2 roinutee.  Barometer  755  mm. 
Hg. 
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A-pril  9,  I9!t.    225  cc,  of  defibrin&ted  blood.    Rate  of  flow  100  cc,/minut«s. 
Barometer  765  mm. 
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DISCCSSION 


In  the  experiment  of  February  10,  the  xample  ofgae  taken  after  the 
blood  had  been  in  contact  with  the  gas  in  the  tonometer  for  15  minuteti 
showed  the  same  tension  as  the  sample  taken  after  10  minutes.  In  the 
one  of  February  13,  the  last  set  of  samples  which  was  taken  6  and  10 
minutes  after  air  was  expired  into  the  tonometer,  differed  to  an  extent 
greater  than  could  be  accounted  for  by  experimental  error.  The  factor 
of  the  rapidity  with  which  the  bloo<l  is  circulating  would  modify  the 
results  obtained  and  in  the  experiment  of  April  9,  this  point  was  taken 
into  account  by  measiuing  the  rate  of  blood  flow.  The  6Kures  obtained 
in  this  instance  show  that  when  a  good  rate  of  flow  is  obtained,  equilib- 
rium is  reached  within  15  minutes,  and  probably  in  10  minutes  as 
shown  in  th;-  exixriment  of  February  10. 

CONCLI'BIONB 

A  new  type  of  aerotonomeler  is  described  in  which  equilibrium  l»e- 
tween  blood  and  air  was  reached  eertainly  in  fifteen  minutes,  and  with 
a  iioo<l  rate  of  flow  in  ten  minutex. 

It  possesses  the  further  advantage  of  providinx  abundant  gas  f<»r 
duplicate  analyst-s. 

The  cretiit  of  designing  this  apparatus  Iwlongs  exclusively  to  the  late 
Prof.  T.  (i.  Bro<)ie:  my  small  contribution  consisted  in  cuD'ing  out  the 
experiments  and  the  mponsibility  for  the  aecuracy  of  the  gas  analyses 
rests  with  me. 

In  some  experiments  in  which  the  rate  of  flow  through  the  s)-slem 
was  not  ob!HTVe<l,  equilibrium  was  not  reaehe<l  in  10  minutes.  Several 
experiments  were  then  undertaken  in  which  the  rate  of  flow  was  par- 
ticularly attended  to. 

The  rate  of  flow  was  estimated  by  diverting  the  flow  for  a  few  seconds 
from  the  rubl>er  tul)e  where  it  leaves  the  tonometer  into  a  graduated 
cylinder.  The  time  was  determined  by  a  slop  watch.  Sex'eral  read- 
ings were  taken,  the  blood  withdrawn  lM>ing  restoretl  to  the  circulation 
after  each  estimation  through  the  funnel.  (Sw  d<wripti«n  of  the 
artificial  circulation  in  the  article  "The  lung  as  an  aen)tonometer.") 
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Id  contemplating  some  experiments  which  required  that  thegaseoua 
tension  of  the  blood  in  a  living  animal  be  quickly  and  accurately  deter- 
mined, the  need  of  an  efficient  aerotonometer  was  encountered. 

From  a  priori  considerations  an  excised  lung  would  seem  to  afford  an 
ideal  aerotonometer  on  the  supposition  that  the  alveolar  surface  of  an 
excised  lung,  when  perfused,  acted  solely  as  a  physical  structure.  Here 
the  blood  is  spread  out  in  an  exceedingly  fine  layer,  approximating  to 
the  thickness  of  one  blood  corpuscle  and  exposed  to  the  process  of 
diffusion  with  the  air  in  the  alveoU.  The  area  of  surface  of  exposure 
of  the  blood,  measured  in  square  centimeters  is  more  than  two  hun- 
dred times  the  volume  of  air  enclosed  in  the  alveoU,  measured  in  cubic 
centimeters.  Moreover  in  a  perfused  lung  this  surface  of  blood  is 
rapidly  renewed. 

.  To  test  this  hypothesis  the  following  experiments  were  performed. 
In  the  first  aerica  of  experiments  the  infiated  excised  lung  was  perfused 
through  its  vessels  with  defibrinated  blood  and  at  various  intervals  a 
sample  of  gas  was  withdrawn  from  the  trachea  for  anaiysis.  If  suc- 
cessive samples  of  gas  showed  the  same  composition,  the  gaseous  pres- 
sure remaining  constant,  it  would  indicate  that  equilibrium  between  the 
gases  in  the  blood  and  the  gases  in  the  alveoli  had  been  attained. 

An  inflated  human  lung  has  a  capacity  of  about  3700  oo.  and  a  surface 
available  for  exchange  of  gases  of  about  90  sq.  m.  This  would  mean 
a  specific  sutface  (area  of  exchange  surface  in  square  centimeters  di- 
vided by  volume  of  gas  enclosed  in  cubic  centimeters)  of  about  240. 


In  these  experiments  a  dog  was  bled  to  death;  the  blood  was  whipped 
and  filtered  through  glass  wool.  The  thorax  was  opened  and  cannulae 
inserted  into  the  pulmonary  artefy,  before  its  bifurcation  and  into  the 
left  auricular  appendix.  A  strong  ligature  was  tied  around  the  heart 
80  as  to  close  the  auricular-ventricular  openings  and  thus  the  systemic 
143 
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circulation  was  excluded.  A  glass  tube  was  inserted  into  the  trachea 
and  was  comiect«d  by  rubber  tubiog  with  a  mercury  receiver.  By  raising 
and  lowering  this  receiver  the  air  in  the  lung  alveoli  was  mixed  with  the 
dead  space  air.    Gas  samples  could  be  extracted  from  a  side  tube. 

Figure  1  is  a  f<iwgrBm  of  the  artificial  circulation  through  which  the 
defibrinated  blood  was  perfused,  the  blood  being  introduced  through 
the  funnel  X,  which  is  closed  by  a  wei^ted  mercury  stopper.  About 
250  cc.  of  blood  are  required  to  fill  the  system  of  tubes  and  the  blood 
vemele  of  the  lungs.  A  mean  air  pressure  is  tranamitted  to  a  rubber 
bag,  B,  which  acts  upon  the  blood  contained  in  the  arterial  glass  reser- 
voir, Rl.    This  air  pressure  is  obtained  by  attaching  a  tube  from  the 


Fil.1. 


water  tap  and  directing  it  into  a  large  10  liter  jar,  F,  lightly  corked. 
The  water  runs  away  from  the  large  orifice  at  the  bottom  of  the  jar, 
and  this  exit  is  provided  with  rubber  tubing  and  a  screw  clamp.  By 
tightening  this  nrrew  the  rate  of  outflow  may  be  Icmened  and  thus  the 
pressure  of  air  in  the  jar  above  the  water  in  increa«pd.  On  the  path  of 
the  tubing  between  the  jar  and  the  arterial  rmervoir  are  two  Pide  tubes. 
One,  D,  servefi  as  a  manometer;  the  other  nide  tube.  K,  dips  into  the 
long  cylinder  containing  mercury'  and  by  altering  itn  depth  in  the  mer- 
cury the  prew>ure  in  the  f'\T>tem  is  regulate*!.  The  blood  in  <iriven  into 
the  arterial  reoervoir,  Rl,  by  the  pump,  C,  a  rublM*r  hag  alternately  com- 
pressed and  relaxeit  by  a  crank  movement.  A',  operated  by  a  motor. 
The  pump  is  pro\-ided  with  a  ground  glaxs  valve,  V,  of  well-known  de- 


DigitizedbyVjOOQlC 


LUNO  AS  AK  AEROTONOBIBTEB  145 

sign,  which  insures  that  the  direction  of  flow  shall  be  toward  the  arterial 
reeervoir.  From  the  arterial  reservoir  the  blood  ia  driven  through  rubber 
tubing  into  the  pulmonary  art«ry  and  collected  again  by  the  cannula  in 
the  left  auricular  appendix  and  sent  into  another,  the  venous  reservoir, 
RS.  The  venous  reservoir  is  a  thick  glass  tube  exactly  similar  to  the 
arterial  one,  provided  with  an  elastic  bag  by  means  of  which  the  venous 
pressure  may  be  altered  by  blowing  into  the  tube  inserted  into  the 
cork  which  closes  the  open  end.  The  blood  from  the  lungs  enters  the 
venous  reeervoir  at  the  corked  end  of  the  tube  and  leaves  the  reservoir 
from  the  opening  at  the  opposite  end.  •  From  this  point  the  blood  is 
returned  to  the  valve  by  tubing  and  the  circulation  ia  completed.  The 
return  flow  is  assisted  by  gravity,  the  valve  being  placed  lower  than 
the  venous  reservoir.  In  the  first  series  of  experiments  the  lung  was 
perfused  with  defibrinated  dog's  blood. 

The  lungs  are  inflated  and  the  trachea  is  attached  by  rubber  tubing 
to  the  mercury  receiver,  Q.  Before  taking  the  sample,  the  air  in  the 
trachea,  rubber  tubing  and  mercury  bulb  (dead  space  air)  is  thoroughly 
mixed  by  raising  and  lowering  the  mercury  receiver.  A  manometer,  0, 
is  also  attached  to  this  tube  which  gives  the  pressure  of  air  in  the  lungs 
at  the  time  sample  is  taken.  In  some  cases  the  entire  mechanism  was 
enclosed  in  a  thermostat  and  the  experiment  conducted  at  about  body 
temperature.  Air  samples  are  withdrawn  through  the  merciuy  seal,  P, 
the  tip  of  the  gas-sample  pipette  fitting  into  a  small  piece  of  rubber 
tubing  at  the  bottom  of  the  little  cup  attached  to  the  T-piece,  which  is 
filled  with  mercury.  When  a  sample  is  taken  it  is  sealed  ofF  with 
mercury  and  may  be  analyzed  at  leisure.  Analyses  in  duplicate  are 
made  and  from  them  the  gaseous  tensions  of  the  gases  in  the  lung  are 
estimated.  For  example,  supposing  the  barometer  stands  at  757  mm,, 
the  temperature  of  the  blood  in  the  system  is  36°C.,  the  manometer 
attached  to  the  tube  to  the  trachea  shows  a  pressure  of  2  mm.  An 
analysis  of  a  sample  taken  shows: 

CO,  =     3.24  per  cent 

0,  =  15,75  per  cent 

then  the  total  pressure  of  the  gases  in  the  lung  =  757.0— 2  =  755. 0mm. 

deducting  pressure  of  aqueous  vapour  at  i&'C.  = 44.2  mm. 

then  the  pressure  due  to  CO*  plus  Oi  plus  Ni  =  710.8  mm. 

therefore  tension  of  CO,  =  ^^  X  710.8  -    23  mm.  Hg. 
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mad  the  nitrogen  ia  obtained  by  deducting  the  aum  of  these  two  from 
the  total  pressure  lees  aqueous  tension.  Samplee  are  taken  at  1,  2,3, 
4  and  5  mioutes.  When  successive  samples  show  the  same  tenaion, 
then  it  is  aasumeil  that  equilibrium  has  been  reached. 

RESULTS 

The  following  figures  will  show  some  of  the  results  obtained. 
UareM,  lOll.    Blood  obUioMl  from  dog.    Thorax   in  tbermoaUt   at  3C*C. 
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MateK  7,  1911.    Blood  obtained  from  dog  9  15  kgsa.    Tbermoalat  3e°C. 
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March  to,  ISU.    Blood  from  dog  <?  temperature  30°C.    Barometer  755  d 
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June  IS,  1911.    225  cc.  of  blood  from  dog  14  kgm.    Barometer  755  mm.  Hg. 
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From  these  experiments  it  will  be  seeo  that  samplea  taken  within 
ten  minutes  of  each  other  agree  fairly  well  whereas  a  sample  taken  after 
an  interval  of  twenty  minutes  or  thirty  minutes  after  a  given  sample 
shows  an  obvious  decrease  in  oxygen  tension.  This  may  be  accounted 
for  by  the  oxygen  metabolism  of  the  living  elements  of  the  blood.  For 
example  in  the  experiment  of  June  13,  the  oxygen  tension  fell  from  117 
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mm.  to  72  mm.  in  127  miuutes.  At  the  COt  tentuon  of  30  mm.  this 
corresponds  to  a  fall  in  oxygen  content  from  98  per  cent  saturation  to  - 
94  per  cent  saturation  (1).  There  were  225  cc.  of  blood  in  the  appara- 
tus. AssuraioK  that  100  cc.  of  dog's  blood  when  saturated  contain  18 
cc.  of  oxygen,  and  neglecting  the  unount  phyaically  dissolve<I  in  the 
plasma,  this  means  an  oxj'gen  consumption  of  0.000026  cc.  gm.  min. 
Krogh'fl  figures  (2)  for  the  oxygen^netabolism  of  rabbit's  bloml  (hirudin- 
izcd)  vary  from  0.00046-0.00075  cc.  'gm./min.  at  body  temperature. 

Another  experiment  in  which  this  feature  was  especially  noted  is  here 
given. 


April  to,  IBll.     22S  c 
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diMolved  in  WBUr). 

At  101  mm.  of  O,  (COi  tanBion  2S  mm.)  339  cc,  of  blood  contMin 
'  "_J?  +  180  X  ^  X  225  -  40  52  cc.  of  O, 
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225  cc  of  blood  use  up  5  67cc.of  ()tin  llSminutM  -about  0.00023  cc./|[m  ,'mia. 

With  increase  in  temperature  of  about  I0°C  the  oxygen  eonsumptiou 
increaflcd  about  t^'nfold.  In  all  ca.-^i>  the  fall  in  oxygen  tension  ran  be 
accounted  for  by  the  oxygen  nietal>oliitra  of  the  living  elemenln  of 
the  blood. 

In  the  Mcond  net  of  fiprrimentn  one  of  Kn>gh'i4  aprolonomeiern  wm 
inserted  into  the  circulatiim  in  parallel  with  the  lung.  Thin  apparatus 
takes  from  twenty  to  thirty  minutex  to  attain  equilibrium  (3).  Sam- 
ples wore  taken  from  the  lung  bh  nearly  a»  possible  )tynchrr)nou!>Iy  with 
the  samples  taken  from  the  aenitonometer. 

The  following  results  were  obtaine<]. 
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March  »4,  ton.    Blood  from  Dog  tf  21  kgm 
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28 

U.16 
11,09 

11.12 

80 

2.28 

38 

3,67 
3.68 

3-67 

26 

12,83 
12.74 
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March  17.  1911.    Dof(  cf  20  k|[m.    Tbprmuxtat  2T°C.     Barometer  7S6.(I  r 


.  I  , 


12  07 

12  lU 
12  15 
12.  ID 
12  W 

12  42 


Kxpired  air  into  tonome- 
ter 
LuHR  sample  1,  7  mm,,., 

Adde(l2ci:  of  lOpercent 

NaF 
Lung  aample  2,  7  mm. . . 

Tonometer  tiamp1eO<33') 

Kxpired  air  into  tonome- 


12  43)    LuDg  sample  3,  7  a 


1.16     Aeronometer   sample, 

mm  (36) 


.01 

3,24 
3  52 

3  38 

18 

346 
3  41 

3,43 

39 

3  27 
390 

8  58 

m 

346 
330 

3  38 

70 

3  W 

3  61 

13.00>  12  W     96 
■  12  97| 

1  15  03  14  57' 
I  »  >1,  I 

i    I    ! 

.  12  30,  12.21      90 

I  12  ,2  , 

I  10  64  10  7i     78 
10  87 


ThcM  experitnent«  show  a  icrnpral  rorrpMpondence  between  the  ten- 
sion of  the  gases  in  the  lung  and  in  Krutfli's  tonometer.    For  example: 


April  10.  1911.  After  25  minutes  intcrrhanite  of  itaiiea  in  tbe  blood  and  in  tbe 
lun|[  and  tonomeier,  the  lunR  abowed  a  Cli,  lenaion  of  25  mm,  Kroflh's  app«ratua 
taken  IK  minutes  later  31  mm.,  wbile  tbe  oxygen  value*  were  82  mm,  and  SO  mm. 
respertivcly.     In  Ibe  same  experiment  an  hour  later  the  rf nulla  were  as  follows: 


CO. 


I 


Kroftha 

Lunic, . . . 


ftl  .Uarrk  H.  /Pf  r.  a  vampli 

liirins  air  into  the  tnnomet 

lomeier      The  analynia  bIv 

mult  within  the  limits  of  exjierinienti 


55 

rom  the  luBfp  was  taken  34 
minutes  laterasamplewsa 
:  the  lung  and  tonometer 
a  eEperiDteot 


the  lunit  had  been  redured  to  a  physical  slrueture  by  killing  tbe  cella  by  the  ad- 
dition of  aodiuti  Buoride  to  the  blood.  Kvidrntly  the  lung  acta  a*  a  tonometer 
independrnily  uf  any  vital  activity  of  tbe  alveolar  cells. 
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Many  difficulties  were  encountered  in  using  Rrogh'a  aerotonometer. 
Especially  was  it  fousd  difficult  to  obtain  a  good  film  of  blood  since 
the  blood  ran  down  the  tube  in  streaks.  Another  difficulty  was  that 
only  a  small  quantity  of  gas  was  available  for  analysis. 

In  the  final  aeries  of  experiments  a  new  type  of  aerotonometer  was 
employed,  designed  by  Doctor  Brodie,  which  affords  plenty  of  gas  for 
duplicate  analyses  and  in  which  the  blood  is  spread  out  in  an  even  &lm, 
which  is  constantly  renewed  by  the  rotation  of  the  tonometer  (4). 
This  apparatus  is  shown  connected  in  parallel  with  the  lung  in  the  figure. 

The  equilibrium  time  of  this  tonometer  has  been  ascertained  to  be 
ten  minutes  with  a  circulation  time  of  once  every  two  minutes,  which 
ia  comparable  to  the  rate  of  flow  through  the  lungs  in  Uving  animab  to 
fifteen  minutes  in  a  circulation  time  of  once  every  three  or  four  min- 
utes.   The  following  results  were  obtained : 

December  t9,  1911 
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1.12 
1.00 
1.18 
1.10 

0.72 
0.90 

1.06 
l.H 

5 

7 

8 
8 

17.00 
17.28 
17.63 
17.53 

16.28 
16.36 
17,88 

17,76 

17.14 
17.68 

16.32 
17.82 

10.49 
10.51 

New  air  introduced 
into  tonometer 

130 

11.13 

Tonometer  sample. . . 

1^ 

The  blood  in  this  experiment  was  obtained  from  a  dog 
The  blood  and  thorax  had  been  kept  in  a  refrigerator. 


used  in  the  momiBg. 
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April  It,  1011.  Lung  Uken  from  »  dog  on  April  B.  Saline  wu  run  in  ma  th* 
smmkl  wu  bled.  Subjected  to  ArtiBcul  vantilfttion  with  formftlin  vapor  for  5 
boun.    Luap  kept  on  ic«.    Blood  taken  from  dog  about  200  ce. 
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April  K).  181 1.  Frt^b  lung  of  cat;  about  100 
aOO  cc.  with  0  H5  per  cent  saline.  lUto  of  flow  in 
titn«  I  every  2  minute*.  Rat^  of  Row 
time  1  overy  3  3  minutm,     Baromctrr  ! 


It's  blood  made  up  to 
0  rc./roin.  Circulation 
.  cc./min.    Circulation 
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In  these  later  experioients  the  cArbon  dioxide  tension  was  very  low. 
In  the  following  experimentB  the  blood  was  saturated  with  C0»  before 
it  was  introduced  into  the  circulation. 


January  7.  ISIS.     190  ci 
tonometer  revolving  36/m 


of  blood  from  &  dog  7  kgm.    B&rometer  757.    Aero- 
1.    Arterial  pressure  60/mm. 


2    Circulation       estab-  ' 

I  Rateofflow:  Tonom- 
'      eter  48  ce./min. 
Rate  of  flow:  Lungs 


2  25 
2.40 
2,44 


34  cc./m 
'  Lung  sample  1..   '    10.5,18.3     15 

I  Tonometer  sample  l.-j      1.0  IS.SJ    19 

I  Expired  air  into  to- 

I      nometer  | 

I  Expired  air  into  lungs  I 

!LungBample2 10  5  18  2|    14 

I  Tonometer  sample  2. .'      1.0  18.2     16 

Expired  air  into  lungs 

and  tonometer 
Lung  sample  3 10.5  18. 6J    IS 

Tonometer  sample  3 .. 

Rate  of  fionr:  Tonom- 
eter SO  cc./min. 
,  Rate  of  flow:  Lungs 


20  c 


J 


251 
3.06 


Expired  air  into 

nometer 
Expired  air  into  lungs 
Lung  sample  4 +28.0  17  8 


I  Tonometer  sample  4... 


1,0  17.8 
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DISCURBION 


In  the  experiment  of  Decemlwr  29,  after  the  kuai-s  in  the  blood  had 
been  in  contact  with  the  gasea  in  the  tonometer  and  with  the  gafies 
contained  in  the  freshly  excised  lung  for  a  period  of  from  ten  to  twenty 
minutes,  a  close  correspondence  in  the  gaseous  tension  was  obtained. 
In  the  experiment  of  April  12,  a  similar  agreement  was  obtained  after 
allowing  an  interchange  of  gasea  for  fifteen  minutes,  but  in  this  instance 
the  alveolar  cells  of  the  lung  had  been  killed  by  ventilating  the  lung  previ- 
ously with  formalin  vapor  for  several  hours.  The  experiment  of  April 
20  shows  a  close  correspondence  after  fifteen  minuter  exposure. 

Four  sets  of  satisfactorily  conf.ip«mding  tensions  were  obtained  in  the 
experiment  of  January  7.  The  gaecs  in  the  lung  undoubtedly  reach 
equilibrium  in  about  one  minute  hut  as  ten  to  fifteen  minutes  must  be 
allowed  to  be  confident  that  equilibrium  has  been  attained  in  the  Brodie 
tonometer,  the  samples  were  taken  at  longer  intervals. 

These  experiments  show  that  the  lung  arts  as  a  tonometer  either 
freahly  excised  or  after  having  bei>n  killed  by  chemicals. 

The  accuracy  of  the  determination  of  gaseous  tennion  as  shown  by 
the  duplicate  analyses  does  not  pennit  a  comparison  beyond  a  decimal 
point.  In  the  earlier  experiments  an  error  of  5  per  cent  must  be  al- 
lowed but  after  long  prartiee  duplieate  analyses  were  obtained  which 
showed  a  variation  of  not  more  than  ^  0.05. 

In  making  use  of  an  excised  lung  to  determine  the  gaseous  tension  of 
the  blood  of  a  second  animal,  it  was  found  that  the  blood  clott«d  much 
more  readily  in  lungs  which  had  hem  fixed  by  formaUn  than  it  did  in 
fresh  lungs.  Moreover  in  using  a  cat's  lung  to  determine  the  tension  of 
dog's  blood,  clotting  was  encountered.  The  best  results  were  obtained 
when  using  a  puppy's  lung  to  determine  the  tension  of  dog's  blood. 

CONCLI-8IO.V8 

The  excised  lung,  either  freshly  prepared  or  after  treatment  with 
sodium  fluoride  or  formalin,  when  perfused  with  defibrinated  blood, 
acts  solely  as  a  ph)-Hical  surface  and  may  l>e  used  as  an  aen>tonometer. 
It  affords  sufficient  surface  so  that  e()uilibrium  between  the  gases  in 
the  blood  and  the  gases  in  the  alveoh  is  attainetl  in  at  most  one  and  one- 
half  minutes,  which  is  the  time  re<|uire(l  to  take  a  sample. 

It  was  the  late  Prof.  T.  G.  Brodie  who  originatfit  the  conception  that 
the  lung  might  be  usi'd  as  an  aerotonomett-r  Hn<l  his  kindly  counsel  in 
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directing  my  work  has  been  the  source  of  any  value  that  the  research 
may  contain. 
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ON  THE  HEAT  LIBERATED  BY  THE  BEATING  HEART 

SbCOKD  ComtUKICATtON 

CHARLES  D.  SNYDER 

From  th»  Dtpartnitnt  of  Pkytiohtn,  Th*  John*  HopUn*  t/niMrnly 

Reeeivnl  for  publioatioD  July  10,  1918 

Having  shown  in  a  former  communicatioD  (1)  that  the  cbelonian 
heart  during  its  beat  undergoes  a  measurable  change  of  temperature, 
it  seemed  desirable  to  obtain  more  objective  records  of  this  change,  for 
it  will  be  remembered  that  the  method  of  registration  of  the  galvanome- 
ter response  to  the  rise  and  fall  of  temperature  consisted  of  a  mechani- 
cal lever  operated  by  the  observer.  If  photographic  registration  could 
be  substituted  for  the  hand-operated  recorder  this  subjective  element 
could  be  removed. 

The  use  of  the  Einthoven  inslrumeDt  on  account  of  its  fitness  for 
photographic  registration  had  already  been  considered,  but  that  in- 
strument also  has  its  disadvantages  as  will  appear  in  the  following. 

The  fiber  I  happen  to  have  is  a  gilded  quarts  fiber  of  5400  ohms  resist- 
ance. The  galvanometer  is  the  small  Edelmann  model.  To  give  an 
idea  of  its  availability  for  recording  thermo-electric  effects  from  a  tur- 
tle's heart  beating  say,  at  a  rate  of  five  per  minute,  the  following  obser- 
vations will  serve. 

With  the  tension  of  the  thread  set  at  15,  the  calibrating  current  pro- 
duced a  deflection  of  5  mm.  of  scale,  with  the  tension  set  at  16,  the  de- 
flection to  the  same  current  was  increased  to  22.5  mm.  of  scale.  The 
periods  of  the  iDstniment  at  the  two  tensions  of  the  thread,  however, 
were  0.7  and  2.7  seconds  respectively.  The  calibrating  current  was  of 
constant  strength,  permitting  4.6  X  10~*  ampere  to  pass  through  the 
galvanometer.  With  the  clasp-thermopile  in  series  with  the  galvanom- 
eter the  difference  of  temperature  between  the  warm  and  cold  junc- 
tions neccwary  to  create  an  amperage  equal  to  the  calibrating  current 
would  have  to  amount  to  nearly  0.01.54>''C.  The  difference  of  t«mpera- 
ture  that  could  be  registered  by  1  mm.  deflection  of  the  galvanometer 
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thread  set  at  the  two  tensions  named  above  would  then   be   nearly 
0.003°  and  0.0007°  respectively.' 

In  my  former  study  it  was  shown  that  a  rise  of  about  0.0013°  may 
be  expected  per  beat  of  the  turtle's  ventricle.  With  the  tension  of 
the  thread  in  the  galvanometer  set  at  the  greater  of  the  two  sensibilities 
one  would  expect  a  deflection  of  2  mm.  per  beat,  provided  further  that 
the  duration  of  the  beatd  is  at  least  twice  the  period  of  the  galvanometer. 
The  period  being  2.7  seconds  the  duration  of  beat  should  be  reduced  to 
5.4  seconds.  If  the  duration  of  the  beat  should  happen  to  be  5  instead 
of  5.4  seconds  it  is  clear  that  a  sl^ht  increase  in  tension  on  the  thread  will 
bring  its  period  within  the  limits  prescribed  without  reducing  the  sen- 
sibility greatly. 

1  For  this  calculation  the  reader  is  referred  to  the  formula  given  on  page  424 
of  my  first  communicatioD  (1).  The  derivation  of  that  formula  was  not  given 
there.    For  purposes  of  checking  up  results  it  is  here  added: 

Let  /  be  the  strength  of  thermo-electric  current  produced  by  the  thermopile 
in  use  when  a  difierenoe  of  1°C.  obtains  between  the  two  sets  of  junctions  and  when 
the  current  passes  through  the  thermopile  (of  r,  resistance)  and  the  galvanometer 
(of  fi  resistance)  in  series.  Then  when  the  calibrating  current  (in  the  present  case 
4,6  X  10~'amp.)  produoesadeflecttonofm  divisions  of  scale  the  rise  of  tempera- 
ture necessary  to  give  an  equal  deflection  will  be  i/I,  where  i  represents  the  am- 
perage of  the  calibrating  ourrent.  This  value  then  divided  by  the  niuiber  of 
scale  divisions  deflection  to  the  oalihrating  current,  m,  will  give  the  difference  of 
temperature  represented  by  1  scale  division  deflection,  A(. 

Intbepresentexperiments/has  the  value,  tjiy,  i  ^^  -in  '  '""^  Vhasthe  valuo, 
4.6  X  10-'.  Where  i  yields  22.5  as  a  value  for  m,  At  equals  0-00069;  with  5  as  a 
value  for  m,  A(  equals  O.OOa'C. 

Combining  the  operations  into  one  generalised  equation  we  have  the  formula, 


aa  given  in  my  former  paper,  in  which  n  represents  the  number  of  elements  and  p 
the  thermo-electric  power  of  one  element,  in  the  thermopile  used. 

To  complete  the  aeoount  it  should  be  added  that  the  calibrating  current  was 
derived  from  a  normal  cell  of  1.0187  volts  with  a  constant  resistance  of  38,220 
ohms  connected  in  series  to  a  shunt  of  1  ohm  and  the  galvanometer  of  5400 
ohms  arranged  in  parallel.  The  total  resistance  of  the  circuit  thus  remains 
practically  at  38,220  ohms  and  the  total  amperage  is  2.5  X  10~*.  The  strength  of 
current  passing  through  the  galvanometer  thus  is  tot.  amp.  times  the  product  of 
the  reciprocals  of  the  parallel  resistances,  or  i  •=  4.6  X  10"*  ampere. 

Further  it  should  be  Btat«d  that  the  deflections  of  the  galvanometer  are  taken 
to  be  a  linear  function  of  the  strength  of  current  passing  which  for  the  ranges  of 
eorrent  employed  is  practically  the  case. 
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With  the  foregoing  discussion  as  to  what  may  be  expected  of  the 
Einthoven  iDstnunent  in  mind,  I  will  now  proceed  to  a  brief  descrip- 
tion of  the  experiments  and  their  results.  For  details  of  method  and 
apparatus  not  here  given  the  reader  is  referred  to  the  former  study. 

ExperimerU  of  March  15,  1918.  A  turtle's  heart  was  suspended  in 
the  moist  chamber  with  the  clasp-thermopile  in  place.  The  actioD 
of  the  heart  on  the  thermopile  junctions  was  observed  for  some  min- 
utes.  Xo  change  in  position  between  heart  wall  and  junctions  took 
place  and  it  was  assumed  that  this  condition  continued  during  the 
experiment.  Indeed  one  can  be  certain,  after  some  experienoe,  from 
the  character  of  the  galvanometer  deflections  and  especially  from  their 
photographs  just  when  the  contacts  remain  in  ideal  relation.  The 
moist  chamber  having  been  supplied  with  ice  the  temperature  soon  felt 
to  about  12.5°('.  and  remained  there  during  the  taking  of  records. 
The  rate  of  the  Itealing  ventricle  was  thereby  slowed  down  to  about 
12  beats  per  minute.  The  mechanical  movements  of  the  ventricle 
walls  were  recorded  by  an  isometric  lever  that  had  been  carefully  cali- 
brated. A  time  trace  was  provide<]  for  by  a  Jaquet  marking  fifths  of  a 
second.  The  sensibility  of  the  galvanometer  was  noted  just  before  and 
after  each  photograph  taken.  The  rate  of  the  moving  film  and  its 
length  permitted  a  record  of  two  or  three  complete  heart  beats  to  the 
phott^i^ph.  Memoranda  and  analysis  of  two  of  the  records  so  taken 
may  l)e  here  reproduced. 

photo-record  1.  CklitiratiDR  currenl  just  before  |pve»  15  mm.,  jiut  a(t«r 
givea  12.5  mm.  drAedion  of  thread.  Dutsnce  of  optical  projection.  119  cm. 
Dialaoceof  recording  tip  of  merhanicil  lever  from  camera  ihuttcr,  13  cm.  Mea*- 
uremcDt  of  the  curvm  in  the  phut«Kraph  ahows  a  maximum  excunion  of  the  me- 
chanirsi  lever  o(  13.0  mm. ;  a  m«<imum  deflection  of  the  galvanometer  thread  of 
1 .9  mm  .  which  ia  monophaaic  and  ninftle  for  the  whole  of  a  cardiac  cycle  and  be- 
Kins  nearly  a  nccond  after  the  bettinninft  of  the  riite  of  the  myoKr»ro  curve  The 
duration  of  a  Htn lie  heart  heal  in  .*>  n^conib,  of  theiyatole  <ascendin|t  limbof  royo- 
(Crani)  2.2  •crond*,  dianlole  and  pau*e  2  K  Moonda,  The  meaaiir«in«ot«  are  the 
aame  for  all  the  heart  )te«(a  in  the  record. 

Pho to- record  :^.  Deflection  of  galvanometer  to  calibratinft  current  remaina 
conntant.  15  mm.  of  ttcale.  Other  condition!  the  name  aa  for  the  preceding  record. 
Mea«urenienta  from  the  photograph:  maximum  pxcumion  of  mechanical  lever, 
13. K  mm.;  maximum  deflection  of  thread.  2  1  mm  ;  initial  rine  of  galvanometer 
deflection  05  second  after  initial  ri»e  of  mechanical  lever;  duration  of  each  be«t, 
5  A  eeconiU;  of  ayiilolc.  'JO  lecondi:  of  diniitole  and  pauw,  3  4  •cconda. 

.\t  the  end  of  the  ex|ierinicnt  the  ventricle  free  frnm  large  ve«*eU.  auricle*  and 
htiHid  waa  found  to  weigh  3  tf  granm 

('aU'ilntiiin»  From  the  calihraliiin  linla  of  the  mechanical  lever  (not  here 
reprixluccd'  anil  from  the  data  of  the  idwerved  optical  pnjcction  one  can  deter- 
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mine  the  actual  ahorteniDg  of  the  ventricle  wall  and  the  maxiniuni  teoaton  devel- 
-  oped  during  each  heart  beat.  From  the  data  on  the  electrical  and  thenno-elec- 
trical  quantities  involved,  as  given  above,  one  can  calculate  the  changM  of  tem- 
perature represented  by  the  galvanometer  deflections. 

The  re§ult«  of  the  corrections  for  the  mechanical  curve  ehonr  an  actual  maxi- 
mum shortening  of  the  muscle  of  1,18  mm.  and  a  maximum  tension  developed 
during  each  systole  of  13.7  grams  for  each  beat  in  the  first  record  and  14.3  grams 
for  each  beat  in  the  second  record.  The  sensitivity  of  the  galvanometer  was  not 
the  same  for  both  records, — not  more  than  13,75  mm.  deflection  can  be  allowed  for 
the  first  record,  as  against  13  in  the  second.  So  while  there  appears  to  be  con- 
siderable difference  in  the  rise  of  temperature  in  the  two  records  actual  calculation, 
according  to  the  method  given  above,  shows  a  rise  of  temperature  during  e&oh 
heart  beat  in  the  first  record  to  be  about  D,00215''C.  and  in  the  second  record  to 
be  about  0.00218°C.  This  represents  a  heat  production  in  each  case,  taking  the 
specific  heat  of  muscle  to  be  0,S25,  of  about  0,0007  calorie  per  gram  of  ventricle 
per  beat. 

Experiment  of  May  S,  1918.  In  this  experiment  the  method  and  in- 
stnimentarium  are  all  the  same  except  that  a  Rohde  (2)  heart-bag  was 
used  instead  of  the  isometric  muscle  lever  to  record  the  mechanical 
events.  The  bag  fixed  at  the  end  of  a  cannula  was  inserted  into  the 
ventricle  chamber  through  the  aortic  arches,  the  intervascular  septum 
and  the  ventricular  septum  having  been  previously  slit  down  sufficiently 
to  make  a  single  passage  way  and  chamber,  llie  bag  was  made  to 
communicate  with  a  HQrthle  membrane  manometer.  This  manometer 
was  calibrated  just  before  the  experiment  so  that  the  excursions  of 
the  recording  tip  could  be  converted  into  terms  of  a  column  of  water 
pressure.  In  this  experiment  0.5  mm.  excursion  of  the  lever  tip  was 
equal  to  a  difference  of  10  mm.  change  in  the  height  of  a  column  of 
water.  The  recording  tip  of  the  manometer  lever  was  so  adjusted  as 
to  have  its  shadow  fall  across  the  aperture  in  the  camera  in  a  position 
appropriate  to  the  shadows  of  the  other  recording  levers. 

The  first  photo-record  in  this  experiment  was  not  brought  to  a  suc- 
cessful finish.  The  second  was  more  successful  and  the  data  for  this 
are  as  follows: 

Photo-record  2,  Initial  tension  in  heart-bag,  that  is,  diastolic  pressure,  25 
em.  water.  Temperature  of  moist  chamber,  16.5'C,  Deflection  of  galvanometer 
thread  to  calibratii^  current,  20  mm,  of  scale. 

In  the  photograph  the  duration  of  the  heart  beat  is  about  9.6  seconds  (partial 
block  due  to  slitting  ventricular  septum?).  The  duration  of  the  systole,  that  is 
■  of  the  ascending  limb  of  the  manometerlever,  is  about  2second8.  The  manometer 
lever  shows  in  each  case  an  excursion  of  3  mm,  or  a  rise  of  tension  during  systole 
of  6  cm.  water-column. 
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The  galvBDOineter  thread  Bhows  a  deflectioo  of  2  mm.  for  eaeb  heart  beat  whirh 
I  calculate  to  repreaent  a  rise  of  temperature  otO.OOIM'C.  The  heart  waa  not  * 
weighed  in  thia  enperiment  but  aince  the  turtles  used  were  nearly  the  aame  aiie 
one  can  make  an  eatimate  of  the  ventriele'a  wejicbt.  If  that  » taken  a«  3.6  Rrama 
then  the  heat  production  waaO.000526  calorie; if  the  weight  is  taken'sa  3.0  grama 
then  the  heat  production  was  0.000531   calorie  per  gram  ventricle  per  heat. 

Bxjitxnatory  nou  to  lAe  fifvre*  in  tht  foUtr,  Before  passing  on  to  any  gen- 
eral discussion  a  word  explanatory  to  the  figures  as  they  appear  in  the  attached 
folder  should  be  added.  Th«  figures  in  each  eaae  should  be  read  from  left  to 
right.  The  nethermost  tracing  in  eaeh  figure  is  that  of  the  time  marking  fifths 
of  seconds.  The  hearier  of  the  two  tracings  in  the  body  of  each  figure  is  that  of 
the  mechanical  lever  (whoee  ascending  limb  is  caused  by  the  systole  of  the  best), 
the  lighter  one  will  be  recognised  aa  that  of  the  galvanometer  thread. 

Figure  I  is  photo-record  1  of  the  experiment  of  March  15.  Here  the  mecbani- 
eal  curve  repreaents  an  isometric  muscle  lever  attached  to  the  frenum  of  th« 

Figure  2  is  photo-record  2  of  the  experiment  of  May  3.  Here  the  mechanical 
curve  repreeenl*  the  exGur«ions  of  a  HOrtble  manometer  lever,  hence  the  intra* 
ventricular  presaure  changes  or  the  "pulse  pressure."  The  uc^nding  limb  again 
represents  the  systole  of  the  beat.  In  this  experiment  while  the  ascending  limb 
of  the  manometer  lever  occurs  during  the  heart's  systole,  tbe  initial  rise  of  the 
curve  of  this  lever  in  the  photo-records  cannot  be  taken  as  the  point  of  begin n in ^ 
rise  of  tension.  The  initial  tension  was  fixed  at  25  cm.  The  early  stages  of  systole 
during  which  thia  amount  of  tension  is  developed  receive  no  indication  in  tbe 
record.  No  definite  statement  therefore  can  be  made  about  the  duration  of  the 
systole. 

The  fine  horisontal  and  vertical  straight  lines  found  in  the  photo-records  will 
aid  the  eye  in  eompariog  synehronoiu  events  at  any  point  desired. 

DiscuseiON 

/.  The  inilial  krat  production  in  the  cardiac  cycle.  The  temporal  re- 
lations bctweon  thp  initial  rise  of  temperature  and  the  initial  shorten- 
ing of  tbe  heart  musculature  involves  one  of  the  moHl  important  the- 
oretical points  and  may  be  considered  first. 

The  time  required  for  the  conduction  of  heat  from  the  tissue  to  the 
thermal  junctions  of  the  recording  apparatus  has  already  boon  dis- 
cusited  in  my  former  paper.  It  was  there  poinIc<l  out  that  the  cooled 
and  blocked  turtle's  ventricle  was  a  specially  suitable  preparation 
for  the  study  of  beat  production  in  muscle.  It  was  pointe<l  out 
that  (he  probably  Ions  latent  period  to  the  inner  Htimulos  (estimated  to 
be  from  0.3  to  0.5  of  a  Bccon<l)  gave  at:  abundance  of  time  for  the  conduc- 
tion of  beat  if  any  meaeureable  amount  wenr  f(>rme<l  during  this  period. 
In  that  study  no  evidence  appeare<l  of  heat  prwluction  during  tbe 
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latwit  period  of  the  muscle  contraction  or  before  actual  rise  of  tenuon 
occurred  in  the  muscle.  The  records  obtained  in  the  present  study, 
where  an  isometric  lever  of  small  initial  tension  was  used,  are  similar  in 
this  respect  to  those  of  the  former  study.  No  evidence  of  presystolic 
heat  production  appears.  la  the  experiment  of  May  3,  however,  where 
a  high  initial  tension  was  placed  upon  the  heart-walls  it  would  appear 
at  first  sight  that  heat  is  liberated  during  the  pre-systolic  period  (fig. 
2  of  the  folder).  Here  seems  to  be  a  contradiction.  But  when  one 
refiects  upon  the  conditions  of  the  two  experiments  this  contradiction 
disappeais. 

In  the  first  place  one  must  consider  the  difference  in  the  initial  tensions 
placed  upon  the  muscle  in  the  two  experiments.  In  the  first  case  the 
initial  tension  was  just  enough  to  balance  the  weight  of  the  heart,  in 
the  second  case  no  weight  was  needed  to  baUnce  the  weight  of  the  heart 
but  nevertheless  its  walls  were  kept  distended  by  the  pressure  of  a 
oolimui  of  water  25  cm.  in  height  during  diastole.  This  initial  tension  was 
edeoted  by  a  preliminary  trial  which  showed  that  no  greater  tension 
could  be  placed  on  the  relaxed  muscle  and  still  allow  one  to  get  a  re- 
e<mlable  response  of  the  manometer  lever  during  ss^stole.  The  tension 
allowed  an  increase  during  systole  of  6  cm.  in  the  water  column.  But 
before  the  height  of  the  column  could  be  increased  the  heart  wall  had 
to  develop  an  internal  tension  from  0  to  25  cm.  of  water.  It  is  during 
this  period  that  the  record  shows  no  mechanical  response  to  the  rising 
tension.  It  thus  fails  to  record  the  early  stages  of  systole.  The  as- 
cending limb  of  the  galvanometer  response  in  the  photogr^h  therefore 
is  initiated  before  that  of  the  mechanical  lever,  not  because  heat  pro- 
ducti(Hi  b^ins  before  rise  of  muecular  tension  but  because  the  mechani- 
cal lever  fails  to  record  the  initial  rise  of  tension. 

It  may  be  stated  that  the  experiment  of  May  3  was  only  the  beginning 
of  a  series  in  a  study  on  the  relation  of  heat  quantities  and  tenuous  in 
muscle  contractions. 

One  other  important  correction  should  be  kept  in  mind  in  comparing 
the  mechanical  and  thermal  curvra  in  the  photographs.  In  both  ex- 
periments the  latency  of  the  former  is  doubtless  much  greater  than 
the  latency  of  the  latter.  The  latencies  have  not  been  actually  meas- 
ured but  if  their  ratios  are  as  we  may  expect,  then  supposing  the  two 
eveot«  to  arise  within  the  tissue  simultaneously,  the  mechanical  curve 
would  have  its  beginning  in  the  photograph  at  a  point  subsequent  to 
that  of  the  thermal  curve  by  difference  of  time  equal  to  the  difference 
of  their  latencies.    Now  the  reverse  order  of  events  appears  in  the 
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records  unless  one  increases  the  latency  of  the  mecbanical  event  arti- 
ficially, that  is,  by  raising  the  initial  tension  to  a  point  approumatinK 
the  maximum  tension  developed. 

Summing  up,  I  conclude  that  the  thread  galvanometer  gives  no  evi- 
dence that  heat  is  pnxluced  in  the  turtle's  heart  muscle  during  the 
pre-systolic  period,  or  during  the  period  that  m&y  be  called  the  latent 
period  of  contraction  or  before  there  occurs  within  the  tissue  a  rise  of 
tension.  This  agrees  with  the  conclusion  arrived  at,  using  the  Pksohen 
galvanometer. 

t.  Velocily  of  heat  production.  As  to  rate  at  which  heat  is  liberated  at 
successive  intervals  of  time  the  records  from  the  Elinthoveo  galvanom- 
eter are  unsatisfactory.  This  is  due  to  the  small  total  excursion  of 
the  thread  which,  while  great  enough  to  admit  of  accurate  measurement 
of  total  rise  of  temperature  over  a  period  of  two  seconds,  does  not 
admit  of  a  measurement  of  partial  rises  over  periodn  say,  of  tenth  of 
seconds.  As  far  as  one  can  judge  by  mere  inspection  however  the 
character  of  the  curves  in  this  study  is  quite  similar  to  that  of  the  curve 
obtained  from  tiie  Paschun  galvanometer.  The  rise  of  temperature 
proceeds  at  first  slowly  then  with  increasing  velocity  and  finally  changes 
again  to  a  slower  rate  just  before  reaching  the  m*Timiirq  rise.  Indeed 
the  turning  point  in  the  curve  may  he  looked  upon  as  being  due  not 
to  an  abrupt  cessation  of  heat  liberation  but  rather  to  a  reduction  in 
the  velocity  of  its  liberation  to  a  point  where  it  no  longer  balances  the 
loss  of  heat  by  conduction,  etc.  For  the  time  of  return  to  null  point, 
that  is,  of  cooling  exceeds  the  period  of  the  galvanometer. 

S.  Maximal,  mechanical  and  heat  effects.  It  will  be  noted  that  the 
maximum  point  in  the  galvanometer  curve  in  the  photographs  occurs 
at  a  point  subsequent  to  the  maximum  point  of  the  mechanical  curve. 
This  delay  in  the  galvanometer  maximum  can  only  be  explained  if  we 
take  into  connideration  the  period  of  the  galvanometer.  This  point 
was  pretty  fully  dixcuwied  in  my  former  paper  and  need  not  be 
gone  into  attain.  It  is  a  noteworthy  fact  however  that  the  delay  in 
the  two  maxima  is  in  the  prewnt  Hliiily,  as  in  the  former,  equal  nearly 
to  the  period  of  the  galvanotm'tt-r.  Parenthetically  it  may  be  well  to 
point  out  again  the  fact  that  one  hax  not  gained  anything  in  the  way  of 
period,  the  Eiotho^'en  being  a»  olow  almont  in  itx  period  as  the  Paschen. 
In  the  curves  of  figure  I ;  counting  betwr-en  mid-points  of  the  crests,  the 
delay  is  a  little  more  than  one  second;  in  thra>e  of  figure  2,  a  little  lean 
than  two  seconds.  .Turning  to  the  pmtorols  one  notes  n  sensitivity  of 
18.7  mm.  for  the  deflection  in  the  curves  of  figure  1  as  against  20  mm. 
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for  the  deflections  in  figure  2,  indicating  a  greater  tenaion  of  thread 
therefore  a  smaller  period  for  the  former  than  for  the  latter.  From  the 
test  of  the  relation  between  tension  and  period  (see  above)  one  would 
expect  the  delays  just  as  we  find  them  in  the  photographs  if  the  maxi- 
mum temperature  of  the  muscle  was  reached  just  at  or  slightly  before 
the  maximum  point  of  tension.' 

I  conclude  therefore  that  the  maximum  rate  of  heat  production 
occurs  during  the  latter  half  of  systole  and  that  the  hii^est  tempA'a- 
ture  of  the  muscle  of  the  heart  is  reached  during  the  time  of  highest 
internal  muscular  tension. 

4.  The  total  rise  of  temperature  and  total  heat  production  during  the 
heart  beoA.  In  what  was  considered  the  most  satisfactory  experiment 
with  the  Paschen  galvanometer  the  total  rise  of  temperature  per  heart 
beat  was  found  to  be  0.00132°C.  In  the  present  study  as  already 
stated  this  number  is  0.00156  and  0.00218  respectively  for  the  two  ex- 
periments. Assuming  no  loss  of  heat  by  conduction,  evaporation, 
etc.,  before  the  rise  of  temperature  is  registered  by  the  galvanometer, 
these  figures  when  converted  into  gram-calories  per  gram  ventricle  are 
0.00048,  0.00052  and  0.00073  respectively.  Taking  the  mean  of  the 
last  two  figures,  one  may  express  the  results  of  the  present  study  with 
the  Einthoven  galvanometer  as  amounting  to  0.00062  calorie  of  heat 
liberated  per  gram  of  ventricle  per  beat. 

The  heat  equivalent  of  Vernon's  CO3  output  of  surviving  turtle's 
hearts  under  similar  conditions  (3)  I  calculate  to  be  0.00061  calorie  per 
beat  per  gram  of  muscle.  It  is  assumed  that  the  COi  arises  from  the 
complete  oxidation  of  a  definite  quantity,  the  molecular  equivalent,  of 
dextrose,  which  in  this  case  amounts  to  1.6  X  10~'  gram. 

Assuming  also  that  the  heat  liberated  in  my  preparations  of  turtle 
hearts  had  its  origin  in  the  oxidation  of  dextrose,  the  amounts  required 
in  the  two  sets  of  experiments  would  be  1.3  X  10~'  and  1.67  X  10"' 
gram  respectively  per  gram  ventricle  per  beat. 

Turning  to  actual  determinatioua  of  sugar  consumption  by  the  sQr- 
viving  heart  I  have  at  hand  only  those  made  upon  the  nuunmalian 
organ  at  temperatures  near  37''C. 

In  three  experiments  with  the  heart  of  the  cat  MUller  (4)  foimdfrom 
0.02S3  to  0.0279  gram  of  dextrose  to  disappear  per  hour.    No  weights 

■  The  latency  of  the  mechanical  or  rather  the  difference  betireen  the  Utencies 
of  the  mechanical  and  thermal  levers,  should  be  taken  account  of  here.  But 
thai  could  only  be  a  question  of  a  hundredth  of  a  second  or  so  and  would  not 
aSect  the  result  in  this  case. 
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of  the  hearts  or  nt«  of  beat  are  given.  But  if  a  weight  of  12  grams  k 
assigned  to  the  former  and  a  rate  of  130  to  the  latter  a  oonaumptioo  ol 
about  3  X  I0~*  gram  per  gram  muscle  per  beat  is  indicated.  Among 
the  experiments  of  Locke  and  Rosenheim  (5)  there  is  one  in  which  all 
the  desirable  data  are  given.  It  is  experiment  2,  a  rabbit  heart  of  6.25 
grams,  rate  of  beat  from  136  to  205  per  minute.  Taking  180  as  the 
mean  rate  the  dextrose  consumption  per  gram  of  heart  per  beat  i^jpears 
to  be  1.3  X  10~'  Kram.  Rohde  (6)  found  a  consumption  of  "10  to 
40  mg."  sugar  per  gram  of  cat's  heart,  indicating  a  utilisation  per 
beat  similar  to  the  quantity  in  MUller's  cases,  namely  3  X  10~'  gram. 
Taking  the  mean  of  the  six  determinations  of  Underbill  and  Prince  (7) 
on  hearts  of  "well  fed"  labbits  whose  rates  of  beat  "varied  from  74  to 
144  per  minute,"  the  consumption  per  beat  per  gram  heart  is  3.5  X 
10''  gram  dextrose. 

Clarke  (8)  who  paid  especial  attention  to  the  prevention  of  loa  of 
sugar  through  the  action  of  bacteria  and  to  the  promotion  of  its  utilin^ 
tion  by  the  muscle  through  the  action  of  the  pancreas,  obtained  an  in- 
teresting series  of  variation  in  dextrose  consumption  in  the  eonaecutive 
hours  of  the  perfusion.  Wb^n  we  are  once  in  a  position  to  connder 
the  total  energy  output  of  the  heart  under  its  various  factors  of  regxila- 
tion  this  data  will  be  of  special  significance.  For  the  present  the  mean 
dextrose  utiUiation  in  these  determinations  on  hearts  (of  the  dog  in 
this  case),  when  perfused  without  the  pancreas  in  the  path  of  circula- 
tion, may  be  stated  as  about  0.173  mgm.  per  gram  of  heart  per  hour. 
With  the  pancreas  in  the  path  of  circulation  the  mean  number  is  about 
0.4  mgm.  Assuming  the  rate  to  have  been  on  the  average  100  beats 
per  minute  (it  is  stated  that  the  hearts  beat  vigorowily)  the  utilin- 
tion  per  beat  appears  to  be  about  0.3  X  10~'  and  0.7  X  10~*  ffnun 
respectively. 

Taken  all  in  all,  then,  the  sugar  consumption  of  the  mammaliao 
heart  for  the  most  part  may  be  put  between  0.3  X  10~'  and  3.0  X  10~' 
gi^m  per  gram  muscle  per  beat.  The  quantities  of  dextrose  which  are 
equivalent  to  the  quantities  of  heat  observed  to  be  liberated  by  the 
boating  chelonian  heart  Ue  well  within  them  limits. 
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It  is  a  well  known  fact,  since  RObner'a  (1)  work,  that  the  rate  of 
respiratory  metaboUsm  in  mammals  is  markedly  increased  after  in- 
gestion of  food,  particularly  of  protein,  while  during  starvation  the 
respiratory  metabolism  in  general  decreases  (2).  Direct  experimental 
data  on  respiratory  metabolism  in  invertebrates  when  subjected  to 
starvation  is,  however,  quite  meagre  (3),  (4).  The  data  in  this  and  the 
following  papers  are  so  far  as  I  know  the  first  to  appear  on  the  relation 
of  nutrition  to  respiration  in  any  of  the  protozoa.  The  experiments 
were  carried  out  on  a  pure  line  of  Paramecium  caudatum. 

Several  investigators  (5)  have  used  the  d^ree  of  susceptibility  to 
cyanide  as  an  indirect  method  for  the  purpose  of  determining  the 
relative  "rates  of  metabolian"  of  many  different  oi^nisms  under 
different  external  conditions  and  states  of  nutrition.  This  method 
according  to  these  investigators  (5,  p.  72)  depends  for  its  usefulness  upon 
the  assumption  that  cyanide  in  appropriate  concentrations  inhibits  the 
metabolic  processes  in  cells,  in  particular  the  oxidations.  For  Parame- 
cium the  assumption  that  potassium  cyanide  is  a  specific  inhibitor  of 
oxidations  is  certainly  not  vahd  since  it  has  been  clearly  shown  in  the 
previous  paper  that  the  oxidations  continue  practically  unchanged 
often  for  many  hours,  depending  upon  the  concentration  of  the  cyanide, 
until  cytolysis  takes  place. 
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The  relation  of  the  state  of  nutrition  of  Paramecium  and  Didinium 
to  their  resistance  as  measured  by  their  survival  time  in  potassium 
cyanide  solutions  has  recently  been  carefully  worked  out  (6).  These 
experiments  definitely  showed  that  the  resistance  as  measured  by  the 
survival  time  in  the  cyanide  solutions  increased  or  remained  at  a  bif^ 
level  when  food  was  ingested  by  Paramecium  and  Didinium,  whUe 
starvation  of  these  animals  led  to  a  marked  decrease  in  the  survival 
time  in  cyanide.  It  is  hardly  conceivable  that  acclimation  to  cyanide  as 
suggested  by  Child  (5,  pp.  72-73),  could  play  any  rdle  in  increasing  the 
survival  time  in  cyanide  solutions  under  the  conditions  of  these  experi- 
ments. The  results  with  the  concentrations,  n/75-n/$5,  employed 
in  theae  experiments  must  therefore  be  classed  with  those  of  the  "direct 
method."  From  this  we  should  expect  that  the  starved  Paramecia  and 
Didinia  would  have  a  hy/ker  "rate  of  metabolism"  than  their  fed 
sisteiD.    What  are  the  facts? 

It  is  very  doubtful  if  the  rate  of  oxidations  as  measured  by  carbon 
dioxide  production  or  oxygen  consumption  can  even  approximately  be 
used  as  a  measure  of  the  rate  of  total  metabolism  in  a  cell  for  it  has  never 
been  shown  that  the  speed  of  such  processes  as  bydrolyses  and  changes 
in  colloidal  constitution  are  correlated  to  the  speed  of  oxygen  con- 
sumption or  carbon  dioxide  production.  However,  if  one  finds  any 
advantage  in  speaking  loosely  of  "rate  of  metabolism,"  then  perhaps 
one  may  use  the  rate  of  intracellular  oxidation  as  the  best  avail^Ie 
measure  in  our  preaent  state  of  knowledge.  In  any  case,  the  safest 
method  for  detemuning  the  rate  of  oxidation  is  by  direct  measurement 
of  the  oxygen  ccmsumption  or  carbon  dioxide  output. 

The  following  experiments  are  reported  from  among  a  considerable 
ntunbcr,  all  of  which  agree  in  showing  that  the  rate  of  oxygen  consump- 
tion is  much  greater  in  a  cell  which  has  recently  taken  food  than  in  one 
which  is  starving,  hence  the  opponle  to  what  would  be  expected  if 
decrease  in  resistance  to  strong  solutions  of  potaiwium  cyanide  is  an  index 
to  increase  in  rate  of  oxidations. 

That  the  resistance  to  cyanide  or  to  any  other  toxic  agent  is  in  some 
way  correlated  to  some  condition  of  the  cell  is  of  roume  not  thereby 
denied.  In  fact,  difference  in  reniHtancc  of  <UfTeren(  cells  under  identical 
external  ounditionit  must  be  due  to  some  kind  of  difference  l>etween  the 
cells. 
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EXrERIUENTAL 

Two  methods  were  adopted  for  testii^  the  queatioa.  For  the  sake 
of  clearness  the  actual  procedure  employed  in  the  first  method  will  be 
given  by  describing  that  used  in  the  experiment,  the  results  of  which  are 
g^ven  in  table  1,  and  from  which  the  curve,  figure  1,  was  conatmcted. 

Thirty-six  bottles  of  equal  volume — 137  cc. — were  filled  with  tap  water 
which  had  previously  come  into  equihbrium  with  air  in  respect  to  tem- 
perature and  oxygen  content.  One  cubic  centimeter  of  a  concentrated 
suspension  of  Paramecium  gradually  transferred  to,  and  washed  two 


Su*pen*ion  of  a  pure  line  of  Paramecium  caudatum  le/l  for  thirty-fix  hourt  tn  clear 
TuUive  hay  infution,  Ihert  centrifuged,  Iranaferred  slotely  from  native  hay  infiuion 
to  lap  icaler  and  finally  washed  in  tap  uiater  tuio  limea.  TkiTtp-*ix  bottUt  of  1S7 
ce.  each,  fUUd  toith  tap  toaler.  Three  teere  utcd  at  control  blank*.  To  each  one 
of  the  remaining  SS  boltle^iiae  added  I  ce.  concentrated  Paramecium  lutpemion. 
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times  in  tap  water  with  the  aid  of  the  centrifuge,  was  added  to  all  but 
three  of  the  bottles.  These  blanks  served  aa  controls  to  determine  the 
amount  of  iodine  absorbed  by  the  1  cc.  Paramecia  during  analysis. 

Four  of  the  bottles  containing  I  cc.  Paramecium  were  analysed  for 
dissolved  oxygen  at  once  to  determine  the  original  oxygen  content 
and  the  amount  of  the  iodine  absorbed  by  the  Paramecia  which  was  in 
this  experiment  0.16  cc.  At  ten-hour  intervals  after  the  begionii^  of 
the  experiment  as  indicated  in  table  1,  sets  of  two  to  four  bottles  were 
selected  at  randimi  from  among  the  remaining  and  analyzed  for  their 
dissolved  oxygen.     Averages  of  each  set  were  taken  and  are  given  in  the 
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table.  The  variation  of  room  temperature  during  the  experiment 
which  lasted  one  hundred  and  fourteen  hours  or  about  four  and  one-half 
days,  did  not  exceed  2°C.  This  variation,  however,  would  have  intro- 
duced noticeable  errors  in  the  results  if  it  had  not  been  for  the  fact 
that  the  variations  were  unifonn  from  day  to  day  and  so  on  the  average 
compensated  one  another.  lo  other  experiments,  where  necessary, 
the  temperature  was  kept  constant  to  within  0.2  to  0.3°C.    The  con- 
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dition  uf  the  Paramocia  wns  mn-fully  wutchod  by  meanH  of  the  binocular 
to  dctcnuinc  if  injuiy  or  dfutlio  occurn-d  in  any  of  the  bottles  during  the 
experiment .  It  oflfn  happcnx  Ihut  transfer  to  pure  tap  water  is  too 
sudden  ur  thut  the  ci-ntrifiiKiiiK  and  merhiinical  manipulation  is  too 
severe.  FxixTinienlr'  )<li(>wiiig  ovjiienee  of  such  unfavorable  tn-atoieut 
were  difu-iirded  and  niodilicntiiiris  were  inii'li'  in  ticlmique  so  a.-*  to  cLim- 
iuale  thcM'  difficult ie."  in  other  eX|HTiinen(s.     It  liaa  always  beon  posiu* 


Digitized  by  VjOOQIC 


INTR',  CELLULAR  BESPIBATtON  IN  PARAUECIUH  171 

ble  by  this  means  to  obtain  favorable  conditions  so  that  the  animals  have 
remained  in  a  perfectly  normal  and  active  condition  for  several  days  in 
tap  water  under  conditions  of  starvation. 

The  averages  of  the  quantity  of  dissolved  oxygen  left  at  the  end  of 
the  different  time  periods  are  given  in  cubic  centimeters  of  a  thiosulfate 
solution  which  was  standardized  before  and  after  the  experiment  and 
found  not  to  have  changed.  The  Paramecia  gradually  exhausted  the 
supply  of  dissolved  oxygen.  The  rate  at  which  this  supply  was  lued 
up  will  be  seen  from  the  curve,  figure  1.  The  values  on  the  ordinate 
represent  the  average  number  of  cubic  centimeters  thiosulfate  equivalent 
of  dissolved  oxygen  in  table  1,  and  those  on  the  abscissa  the  time  in 
hours  given  in  the  same  table.  The  rapid  fall  of  the  curve  during  the 
first  twenty  hours  shows  that  the  rate  of  Oxygen  consumption  is  from 
two  to  three  times  greater  at  the  beginning  of  the  starvation  period  than 
later  on.  The  oxygen  consumption  during  the  last  three  days  is  very 
nearly  directly  proportional  to  the  time,  since  the  latter  part  of  tiie 
curve  is  practically  a  straight  line.  The  close  proximity  of  the  points 
to  the  curve  indicates  that  the  temperature  fiuctuations  that  occurred 
did  not,  for  the  purpose  of  the  experiment,  appreciably  affect  the 
results. 

The  early  period  of  ten  to  twenty  hours  represents  the  time  when  the 
food  in  the  vacuoles  and  the  larger  part  of  the  deutoplasmic  (food) 
reserve  of  the  cell  becomes  exhausted.  The  protoplasm  changes  from  a 
gray  or  dark  color  in  transmitted  light  to  a  clear  transparent  almost 
colorless  condition.  A  higher  initial  rate  of  oxidation  immediately  after 
removing  from  native  medium  with  food  to  starvation  in  tap  water 
was  also  indicated  in  an  experiment  in  a  previous  paper  (7),  figure  1. 

During  such  an  experiment  the  oxygen  concentration  of  course  de- 
creases and  hence  it  was  at  first  thought  that  the  above  initial  high  rate 
of  oxidation  was  due  to  the  relatively  high  oxygen  concentration  at 
the  beginning,  while  the  subsequent  slower  rate  was  due  to  the  lower 
concentrations  of  dissolved  oxygen.  But  this  explanation  becomes 
impossible  since  it  has  been  definitely  shown  that  the  rate  of  oxida- 
tions in  Paramecium  is  independent  of  the  concentration  of  dissolved 
oxygen  (7). 

The  result  of  the  experiment  in  table  1  is,  however,  not  in  itself  con- 
clusive proof  that  the  rapid  decrease  in  rate  of  oxidation  during  the  first 
period  is  due  to  sudden  exhaustion  of  the  major  part  of  the  food  reserve 
of  the  cell  for  it  might  be  assumed  to  be  due  to  stimulation  of  the  cell 
by  chemical,  osmotic  or  mechanical  environmental  changes  that  neces- 


DigitizedbyVjOOQlC 


172  Z.   J.    LUND 

sarily  acctHopany  transfer  of  Paramecium  from  native  hay  iDfusion  to 
tap  water.  It  therefore  became  dcRirable  to  arTange  experiments  in 
such  a  manner  that  all  such  objections  would  be  removed  by  showing 
that,  ftiven  two  identical  lots  of  Paramecia  in  the  same  stale  of  starva- 
tion, if  one  tot  is  fed  and  the  other  left  unfed,  the  fed  will  consume  more 
oxygen  in  the  same  fciven  period  of  time,  under  the  same  conditions, 
than  the  unfed.  These  con<litions  were  fulfilled  in  the  following 
experiments. 

PREPARATION  OF  THE  PARAUECIUM  Rt'ftPENBlON  AND  THE  UETHOD  OP 
PEEDINO 

Filling  the  bottles  with  ta^water  and  preparation  of  (he  Paramecium 
suspensions  were  carried  out  according  to  the  method  described  in  a 
pre\-iou8  paper  (S).  The  animals  were  placed  under  var>'inR  conditions 
of  starvation  in  clear  native  hay  infusion,  and  various  dilutions  of  this 
clear  native  hay  infusion  and  tap  water.  Complete  starvation  occurred 
in  pure  tap  water  after  more  or  less  gradual  transfer  from  the  native 
medium. 

The  duration  or  degree  of  starvation*  in  each  experiment  is  indicated 
in  the  descriptions  of  the  tables  which  follow. 

The  yeast  suspension  which  was  uned  as  food  wan  prepared  as  follows. 
One-third  of  a  cakeof  fresh  Red  Star  or  FleiHchmann's  compressed  yeast 
was  suspendetl  in  50  cc.  of  tap  water.  \  few  cubic  centimeters  of  this 
fluspenflion  were  boiled  in  a  test  tube  for  two  or  three  minutes.  The 
snsponnion  was  shaken  to  prevent  clumping  and  then  quickly  cooled. 
This  proce<lure,  of  course,  kills  the  yeast  and  thus  prevents  consumption 
of  oxygen  by  the  yeast  when  it  is  afterWanI  added  to  the  bottles  con- 
taining Paramecia. 

The  sample  of  killed  yeast  was  now  washei]  in  tap  water  two  or  three 
times  with  the  aid  of  the  centrifuge  in  order  to  remove  the  extructivea 
which  had  panxeil  into  the  water  during  boiling.  Thix  step  is  important 
since  if  the  extractive)'  from  the  Imiled  yonst  along  with  the  yeast  itself 
are  addrnl  to  the  water  of  the  lH)ttli-s  which  contain  the  Paramecia, 
lurteria  will  sometimon  multiply  quite  rapidly  during  the  experiment 
and  therefore  will  conminie  an  apprerinble  amount  of  the  dissolved 
oxygen.  This  niiict  }>r  av(iide<i.  After  carefully  adding  I  or  2  cc.  of 
Paramecium  S(ii<{K'iiHion  to  each  one  of  the  l«)ttlcfl,  alwut  three  to  five 
dmps  of  the  freshly  kille<i  and  wa.ilied  yeast  suspension  were  placed 
carefully  on  the  6(>//<*m  of  each  one  of  the  Imttlrs,  the  Paramecia  of 
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which  it  was  desired  to  feed.  All  the  bottles  were  immediately  stop- 
pered. The  Paramecia  in  the  bottles  to  which  killed  yeast  was  added 
very  soon  collected  on  the  bottom  of  the  bottles  and  in  an  hour  or  two 
they  were  seen  to  be  filled  more  or  less  with  vacuoles  containing  yeaat 
The  yeast  must  be  carefully  placed  on  the  bottom  of  the  bottle  using  a 
fine  long  capillary  pipette.  If  such  a  small  quantity  of  yeast  cells  is 
suspended  in  the  water  of  the  bottle  the  concentration  of  yeast  is  too 
low  to  enable  the  Paramecia  to  "fill  up"  on  the  yeast  in  a  short  time 

TABLE  2 
Paramecium  starved  in  one-half  native  and  one-half  tap  water  for  forty-eight  hours, 
then  tTaTteferred  to  and  left  in  tap  water  for  fourteen  hourt  and  finally  concentrated 
with  centrifuge  and  washed  twice  in  tap  water  jnsl  before  being  used.  By  count 
there  were  approximately  117,000  Paramecittm  per  1  ce.  of  the  stock  suspension. 
Oxygtn  given  in  ciiMc  eentimetera  of  tkiosulfate.    Temperature  W  * .  t°C 
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(9).  This  is  an  important  condition  for  the  best  success  of  the  experi- 
ment. More  than  three  to  five  drops  of  yeast  suspension  should  not  be 
added  for  this  is  an  ample  quantity  of  food  and  also  reduces  to  a  min- 
imum the  error  in  the  analysis  which  is  due  to  absorption  of  iodine  by 
the  yeast.  The  Paramecia  were  added  to  the  bottles  previous  to 
addition  of  the  yeast  in  order  to  avoid  disturbing  the  latter.  Recent 
experiments  by  Miss  Wolf  in  this  laboratory  have  shown  that  both 
boUed  and  living  yeast  which  has  been  washed  in  sterile  tap  water  will 
serve  as  a  satisfactory  food  for  Paramecium  for  pure  line  experiments. 
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the  medium  being  sterile  tap  wat«r.  The  tap  water  medium  and  food 
can  be  renewed  every  day  or  oftener,  if  neceaaary,  to  prevent  bacterial 
growth;  thus,  so  far  as  can  be  judged  at  present,  doing  away  with  the 
usual  variability  in  the  medium  and  nature  of  the  food  when  hay  infu* 
aions  are  used.  Growth  and  cell  division  go  on  at  a  relatively  rapid 
rate  and  rhythms  in  rate  of  cell  division  as  found  by  Woodruff  (10)  are 
plainly  evident.  Results  of  these  studies  will  be  piAlished  at  some 
Utter  time. 

TABLE  1 

Paramrfia  rmortd  from  cutturet  and  plaeed  for  forCy-eight  hours  in  natiit  medium 

dtlulrd  to  lirice  ilt  rolume  icith  lap  water.     They  ictrr  Ihtn  erntrifiigrd  and  iraihrd 

three  timre  during  a  gradual  Iranefer  to  pure  lap  tcaltr  over  a  prriiid  of  thirty-n  t 

hourt.     Temperature  It.S'C. 
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Several  preliminary  experiments  were  carried  out  in  order  to  teot 
what  seemed  to  be  all  possible  sources  of  error.  Tables  2  and  3  give 
the  refiults  of  two  of  the  final  experiments  all  of  which  af;re(>d  in  showing 
a  marked  increase  in  oxyften  consumption  after  feeding.  The  error 
from  the  presence  of  the  yeast  and  the  Paramecium  are  corrected  by 
determining  the  io<tinc  ahfiort>ed  by  the  yeast  and  Pammerium  sspa- 
ratcly,  oolumnn  2  and  3,  and  c<illectivHy,  column  4,  in  each  of  the  tablet 
3  and  3.  By  looking  at  thpne  figum*  in  the  tables  it  is  oleur  that  the 
sum  of  the  amounts  of  iodine  alii«orlM><l  by  the  yeaat,  column  2,  and  the 
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■mount  of  iodine  absorbed  by  the  Paramecis,  column  3,  are  practically 
equal  to  the  amounts  of  iodine  absorbed  by  the  yeast  and  Paramecia 
when  placed  in  the  same  bottle,  column  4.  This  shows  that  the  correc- 
tions are  satisfactory  and  that  the  control  as  arraQged  may  be  fully 
dq>ended  upon  to  give  values  which  can  be  used  in  determining  the 
actual  amoimts  of  oxygen  present  at  the  beginnii^  as  well  as  at  the  end, 
so  far  as  the  errors  of  the  analysis  due  to  the  presence  of  Paramecia 
and  yeast  are  concerned. 

In  order  to  determine  if  the  dead  yeast  cells  which  were  added  to  the 
bottles  to  be  analy7ed  at  the  end  of  the  experimental  period,  column  5 
and  7,  do  consume  any  oxygen  during  this  period,  a  co&trol  containing 
only  yeast,  column  5,  was  analyzed  at  the  end  of  the  experimental  period. 
The  average  amount  of  oxygen  consumed  by  this  yeast  would  of  course 
be  the  difference  between  the  average  oxygen  contents  of  the  bottles  in 
column  2  and  column  5.  This  is  given  at  the  bottom  of  column  5  of 
the  tables.  It  will  be  seen  that  this  amounts  to  about  0.05  cc.  thiosul- 
fate  which  is  about  equal  to  the  largest  error  in  titration  with  careful 
work.  The  amounts  of  oxygen  consumed  during  the  experimental 
period  by  the  starving  Paramecia  are  given  at  the  bottom  of  column  6 
of  the  tables,  and  represent  the  difference  between  the  average  oxygen 
content  at  the  beginning,  column  3,  and  end  of  the  experiment,  column 
6.  They  are  respectively,  for  the  two  experiments,  tables  2  and  3, 
0.27  cc.  and  0.34  cc.  thiosulfate  equivalent  of  oxygen.  Since  the  con- 
trob,  columns  2  and  5,  show  that  no  oxygen  has  been  consumed  by  the 
yeast,  then  it  will  be  evident  that  the  amount  of  oxygen  consumed  by  ■ 
the  ffd  Paramecia  is  equal  to  the  difference  between  the  average  oxygen 
content  of  the  bottles  in  columns  4  and  7.  In  table  2  this  difference  is 
0.94  cc.  while  in  table  3  it  is  0.67  cc.  thiosulfate.  The  average  amount 
of  ox^ren  consumed  in  table  2  by  the  starved  Paramecia  is  0.27  cc. 
while  that  consumed  by  the  fed  is  0.94  cc.  thiosulfate  equivalent,  that  ijs, 
the  total  oxygen  consumed  in  nine  and  one-half  hours  under  the  same 
conditions  except  that  of  food  was  between  three  and  four  times  as 
much  by  the  fed  Paramecia  as  that  by  the  starved  in  table  2,  and  in 
table  3  it  was  abou;t  twice  as  much.  These  differences  are  very  much 
greater  than  could  be  accounted  for  by  errors  entering  into  these  experi- 
ments. The  longer  the  duration  of  the  starvation  the  greater  within 
certain  limits  is  the  difference  in  the  rates  of  oxidation  of  the  starved 
and  fed  Paramecia.  Hence,  in  order  to  obtain  significant  differences 
in  such  experiments,  the  animals  must  be  starved  for  a  sufficient  length 
of  time.    Several  experiments  ntit  report^  brought  out  this  point 
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very  clearly.  FurthennoTe  tfae  animak  must  be  washed  carefully  ia 
tap  water  to  avoid  introducini;  excewtive  numbem  of  bacteria.  That 
bacteria  did  not  develop  in  thone  bottles  containing  yeast  and  ao  cod- 
Bumed  any  detectable  amount  of  ditwolved  oxygen  during  the  above 
experiments  is  shown  by  the  equality  of  the  averages  in  columns  2  and 
5  of  the  tables.  To  obtain  such  results  it  is  usually  aocexsary  to  waih 
the  boiled  yeast  in  sterile  tap  water  as  described  above,  before  addiag  it 
to  the  bottles  so  as  not  to  introduce  any  dissolved  substances  which 
may  serve  as  a  source  of  food  for  liacteria. 

The  question  arises,  was  this  great  increase  in  oxygen  conaumption 
by  the  fed  Paramecia  in  tables  2  and  3  accompanied  by  cell  multiplica- 
tion and  hence  doubling  or  trebling  the  amount  of  Uving  protoplasm 
during  the  experimental  period  of  nine  or  nine  and  one<half  hours? 
That  cell  multiplication  did  not  accompany  the  two-  to  threefold  rise 
in  oxygen  consumption  after  feeding  during  the  above  experimental 
periods  becomes  evident  from  the  following  facttt;  o.  In  individual  purs 
line  cultures  in  watch  glasites,  previously  8tar\-ed  Paramecia  in  tap 
water  suddenly  fed  on  boile<l  yeast  usually  do  not  pass  throuf^  the  6tst 
division  imder  the  conditions  of  the  above  experiments  until  after  periods 
of  from  twelve  to  twenty>four  hours.  The  experimental  perifxis  were 
only  nine  or  nine  and  one-half  hours.  6.  ('omparative  counts  of  the 
number  of  Paramecia  in  bottles  containing  the  same  number  of  animals 
at  the  beginning,  the  animals  of  one  bottle  being  fe<l  while  those  of  the 
other  were  not,  showed  that  if  division  did  o^cur  during  the  nine  and 
'  one4ialf  hours  it  certainly  did  not  occur  to  any  detectable  degree, 
for  the  counts  of  the  fed  and  star\-ed  animaU  at  the  end  of  nine  and  one- 
half  hours  were  practically  the  same.  Such  counts  were  carried  out  for 
the  experiments  in  tabU-s  2  and  3  by  a  method  the  details  of  which  can- 
not be  given  here.  c.  Examination  of  the  bottles  from  time  to  time  by 
the  aid  of  a  binocular  showeit  no  dividing  animals  but  did  show  that  the 
cells  had  eaten  the  yeast  and  were  in  general  larger  than  the  starved 
ones.  From  this  it  mu«i  br  ronctwIM  that  tbf  two-  to  thrfffoid  inertam 
in  Ihr  rale  of  oxiitation  nrcomitanini  ijroulh  of  the  crll  and  not  cell  dtfintm 
in  tfiixr  fTjtfrimmtii.  This  is  furthermore  made  certain  by  a  consiiler^ 
tion  of  the  cur\-e.  figure  1  above.  whi<-h  shows  that  the  oxygen  oon- 
Mmiptton  was  high  at  the  time  of  removal  to  tap  water  and  low  at  the 
end  of  twenty  to  thirty  hours.  Cell  division  rnuld  of  counie  not 
aciimnt  for  thi»  rexult,  ami  since  none  of  the  cells  died  it  is  evident  that 
the  change  in  the  siM-e<l  of  oxidnlinn  is  in  these  experiments  clearly 
correlate<t  in  some  way  (o  growth  and  xtHrvntion  processes  in  the  cell. 
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The  results  of  experiments,  tables  2  and  3,  similarly  support  the  previous 
explanation  of  the  early  rapid  consumption  of  oxygen  shown  in  the 
curve  of  figure  1,  namely  that  this  high  initial  rate  was  due  to  the  rela- 
tively well  nourished  condition  of  the  cell  immediately  after  removal 
from  native  hay  infusion  as  compared  to  the  condition  of  acute  starvation 
after  twenty  hours. 

Further  convincing  evidence  that  the  rate  of  respiratory  metabolism 
i^  Paramecium  after  feeding  is  increased  several  fold  will  be  given  in  a 
following  paper  on  carbon  dioxide  production.  Discussion  of  the 
significance  of  the  results  will  be  postponed  until  all  the  data  have  been 
reported. 

The  details  of  experiment  and  conditions  have  been  given  in  some 
detail,  if  not  fully,  for  the  purpose  of  showing  the  precautions  necessary 
and  tlie  way  in  which  such  experiments  must  be  controlled  in  order  to 
obtain  satisfactory  data. 


1.  When  Paramecium  is  removed  from  its  native  hay  infusion  in  a 
well  nourished  condition,  to  a  condition  of  starvation  in  tap  water, 
the  rate  of  oxidations  in  the  cell  decreases  simultaneously  with  the 
disappearance  of  the  greater  amount  of  the  deutoplasmic  food  reserve 
of  the  protoplasm. 

2.  Feeding  boiled  yeast  to  a  Paramecium  which  has  been  brought 
into  a  state  of  acute  starvation  by  placing  it  in  tap  water  may  increase 
the  speed  of  the  oxidations  two  or  three  times  its  original  amount  in  the 
acutely  starved  but  otherwise  normal  active  cell.  This  increase  was  not 
accompanied  by  cell  division  in  these  experiments. 
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Fatigue  eubetances  were  first  demonstrated  by  Ranke  (1)  in  1865. 
He  notf'd  the  ilepressinK  or  fatiKuinR  action  on  skeletal  muscle  of  lortic 
acid,  acid  potasainm  phosphate  and  carbon  dioxide.' 

The  production  of  lactic  acid  in  contracting  muflcles  and  in  muscles 
undergoing  death  changed  was  dcmontitrated  by  Fletcher  and  Hopkins 
(2),  Fletcher  (3)  and  others.  Lee  (4)  was  the  first  to  record  graphically 
the  effect  of  thew  flulxitances  upon  the  contracting  muscles.  He  ob- 
served that  weak  solutions  perfused  through  the  muscle  for  a  long 
pprio4l  of  time  had  the  same  effect  as  a  strong  solution  in  a  shorter  time. 
In  l>oth  ca.'tes  a  depressing  or  a  fatiguing  action  was  olxterved.  Tliin 
dcpresnant  action  of  narcotactic  acid,  acid  potaraium  phosphate  and 
carbon  dioxide  was  observed  in  both  curariicd  and  non-curariied 
muscles.  A  dilute  solution  transfused  through  the  muscle  a  short 
time  brought  about  a  temporary  increiLsod  excitability. 

Mote  recently  Burridgc  (5)  studied  the  effect*  of  these  substances 
U[H)n  muscles  which  were  excited  both  directly  and  indirertly.  When 
he  uM'd  high  concentrations  of  the  acids  (0.2.'>  per  cent)  he  found  a 
rapid  and  complete  disappearance  of  the  indirect  response,  followed 
shortly  by  that  of  the  <tin-ct.  Perfusion  of  normal  saline  gavT  an  imme- 
diate and  apparently  complete  reco\-ery  of  the  direct  n-sponse  but  not 
of  the  indirect.  In  a  \'er>'  short  time,  however,  the  response  to  direet 
excitation  disapix-an'd,  regardless  of  whether  or  not  the  perfusion  waa 
continued  or  whether  or  not  the  muscle  was  exriteii, 

'  Knr  ■  ri>ii.[il('(»  .li-ru"iiin  <il  (he  rnrl>   lii.fanirr  OD  Taliicue,  ihe  reader  is 
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That  adrenalin  markedly  bettered  the  height  of  muscular  coutraction 
was  demonstrated  by  Camion  and  Nice  (6),  Gruber  (7)  and  others. 
Gruber  noted  that  fatigue  decreased  the  threshold  irritability  of  the 
nerve  muscle  preparation  and  that  adrenalin  increased  this  decreased 
irritabiUty.  Gruber  and  Fellows  (S)  demonstrated  that  adrenalin 
counteracted  the  decreased  height  of  contraction  and  decreased  irri- 
tability due  to  death  changes. 

In  this  research  we  wished  to  determine  whether  adrenalin,  which 
poeaesses  the  ability  to  increase  the  height  of  contraction  and  increase 
the  decreased  threshold  irritabiUty  of  a  fatigued  muscle,  would  counter- 
act the  fatigue  produced  by  perfusing  moderately  strong  solutions  of 
fatigue  substances  through  the  muscle. 


The  animals,  cats,  were  anaesthetized  with  ether  and  then  tracheoto- 
mized  and  the  administration  of  ether  continued.  The  tendons  of  both 
tibialis  anticus  muscles  were  isolated  from  their  insertions  and  about 
each  was  tied  a  strong  ligature.  The  anterior  tibial  nerves  were  iso- 
lated and  cut  and  their  distal  ends  fastened  in  Sherrington  shielded 
electrodes,  held  securely  in  place  by  bringing  together  and  fastening 
with  paper  clips  the  cut  edges  of  the  skin. 

Both  muscles  were  then  prepared  for  perfusion.  The  femoral  arteries 
and  veins  were  isolated  and  cannulae  inserted,  after  which  the  animal 
was  quickly  killed.  One  limb  at  a  time  was  used.  Perfusion  was 
started  in  each  limb  a  few  minutes  before  experimentation  was  begun. 
The  work  on  the  second  limb  was  started  eight  to  fifteen  minutes  after 
the  animal  was  killed. 

The  medium  for  irrigation  was  a  warm  (36.5°  to  39°C.)  Ringer's 
solution  at  a  pressure  of  85  cm.  of  water,  containing  only  the  oxygen 
absorbed  from  the  air. 

With  one  loop  of  cord  about  the  hock  and  another  around  the  foot 
just  below  the  fastening  of  the  tendon,  the  leg  was  bound  to  the  board. 
The  ligature  from  the  tendon  of  the  muscle,  after  passing  about  the 
pulleys,  was  fastened  to  a  muscle  lever  mounted  upon  a  tripod  base. 
The  pulleys  were  arranged  so  that  the  muscle  pulled  in  the  normal  direc- 
tion. The  muscle  lever  consisted  of  a  piece  of  light  straw  20  cm.  in 
length  from  the  axis  to  the  tip  of  the  parchment  paper  writing  pwint. 
The  tendon  attached  3  cm,  from  the  axis  began  at  the  moment  of  con- 
traction to  pull  against  an  initial  tension  of  60  grams  developed  in  a 
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coiled  spring  For  the  first  2.S  cm.  excumoo  ot  the  muscle  lever  on  the 
drum,  this  was  increased  35  grams.  The  spring  was  attached  at  the 
same  position  on  the  lever  as  was  the  muscle.  Muaootar  contrsctioa 
was,  therefore,  magnified  about  6.66  times. 

The  strength  of  the  stimulating  current  was  0.1  ampere  in  the  prunaiy 
circuit  which  was  derived  from  a  storage  battery.  Tlie  stimulating 
current  in  every  case  was  maximal  make  and  break  induction  shocks 
obtained  frcHn  a  knife  blade  key,  propelled  tq^  a  motor.  The  rate,  S4 
times  per  minute  in  these  experiments,  was  slow  enough  to  produce 
vasodilatation  in  the  vessels  of  the  stimulated  muscle.  Both  ooake  and 
break  shocks  were  used  to  prevent  polarisation  of  the  nerve. 

Merck's  lactic  acid  (which  was  found  to  be  inactive)  and  Mallin- 
ckrodt's  lactic  acid  (which  was  found  to  be  dextro-rotary  6.91"  at 

22.5°C:)  were  used  in  rr  solutions  in  most  of  these  experiments.    Sareo- 

u 

tactic  acid  was  also  employed  in  approximately  an  ~  solution.    TIub 

was  obtained  by  extracting  Liebig's  meat  extract  with  ether  after 
precipitation  of  the  proteins  with  alcdiol.  The  optical  rotation  Man 
the  evapcMvtion  of  water  was  dextro-rotary  0.57"  at  23''C.    Acid  potas- 

u 
sium  phosphate  was  used  in  ~  solutions.    Adrenalin  was  used  in  the 

toTva  of  adrenalin  chloride  and  of  crystalline  adrenalin,  epioephrin, 
1 :  1000  solution.  In  all  cases  the  fatigue  substances  and  adrenalin  were 
injected  at  body  temperature  into  the  perfusion  fluid  in  the  arterial 
cannula. 


Acid  pobuaium  photptuUe.    We  found  as  did  Lee  and  Burridge  that 
acid  potassium  phosphate  markedly  depresses  muscular  contrsctioa 

u 
after  an  initial  excitation.    In  figure  I  at  7 , 2  cc.  of  an  r  solution  of  acid 

potaiuiium  phosphate  were  injected  into  the  perfusion  fluid.  There 
re8ult(><I  fnHn  this  injection  an  initial  increase  of  about  3  per  cent,  last- 
ing for  nix  contractions,  followed  by  a  marked  decrease  in  the  height  of 
contraction  of  about  78.5  per  cent ,  accompanied  by  a  nligbt  development 
of  contracture.  This  marked  drop  in  the  height  of  muscular  contraction 
waA  followed  by  a  slight  rrcover>-.  At  2.  adrenalin  chloride  (0.5  cc.  of  a 
1:1(N)0  nolulion)  was  injecled.     The  muscular  contractions  at  first 
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decreased  in  height.  A  marked  increase  followed,  the  muscle  contract- 
iog  to  within  5  per  cent  of  its  original  height.  AdrenaHn  in  this  case 
caused  an  increase  of  128  per  cent  in  the  height  of  muscular  contraction . 
In  some  muscles  after  the  administration  of  large,  concentrated  solu- 
tions of  acid  potassium  phosphate,  adrenalin  neither  caused  vasocon- 
striction nor  an  increase  in  the  height  of  muscular  contraction. 

Lactic  acid.  The  results  from  the  inactive  lactic  acid  were  not  sat- 
isfactory. It  produced  a  marked  decrease  in  the  height  of  contraction 
but  adrenalin  produced  a  betterment  of  only  2  to  4  per  cent  in  some  cases 
and  in  many  it  had  no  bettering  effect. 


icid ;  t.  vpinrphrin,  0.75  ec.  of  s  1 :  1000 

With  the  UHO  of  Mallinckrodt's  lactic  acid  good  results  were  obtained. 
This  acid  waa  dextro-rotary,  6.9]°  at  22.5'C.,  which  is  p«)s.«ibly  too  high 
for  pure  sarcolaclic  acid.  There  appoarcd  to  be  no  organic  nmtlor  or 
sugar  pn-sent.     In  figure  2  at  /,  while  the  muxrlc  was  slill  developing 

M 

itH  tri-|)|N>  1  (T.  of  an    .  solution  wu-h  injected  into  the  perfusion  fluid. 

There  n-iiilled  an  iiniiieiliiiie  decrease  of  !>."».))  [mt  rent  in  the  height  of 
musruliircrinrnirlioii.  .\t  J. cpini'itlirin  il).7.")  cr.  of  n  I;  KKW  solution) 
waw  injected  from  which  there  rcsuilcl  iiiitTiediatdy  a  tM'tternient,  tho 
miiximuiii  Ix'iiiK  127  |H'rrent. 
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Sarcolactic  acid.    In  figure  3  at  i ,  while  the  treppe  was  stUI  developing 

H 

1  cc.  of  about  an  ^  solutioa  of  sarcolactic  acid  was  injected.*    There 

resulted  as  in  figure  2,1,&  marked  drop  in  the  activity  of  the  muscle  of 
65  per  cent  with  a  slight  development  of  contracture.  At  S,  epinephrin 
(1  cc.  of  a  1 :  1000  solution)  was  injected  intt^the  perfusion  fluid.  An 
increase  of  91,7  per  cent  in  muscular  activity  was  the  result. 


Fig.  3.  I,  earcolactic  acid  f,  1  cc;  t,  epinephria,  1  cc.  of  ft  1:1000  solution 
Reduced  one-fifth. 

smocART 

Adrenalin  (0.5  to  1  cc.  of  a  1 :  1000  solution)  counteracts  the  induced 
fatigue  produced  by  the  perfusion  of  fatigue  substances  such  as  sarco- 
lactic acid,  lactic  acid  and  acid  potassium  phosphate  through  the  muscle 
in  identically  the  same  way  as  it  does  the  fatigue  produced  normally  in 
active  muscles. 

Adrenalin  in  some  cases  has  no  bettering  effect.  In  these  muscles  it 
also  has  no  ability  to  produce  vasoconstriction. 

■  On  account  of  the  small  quantity  available  the  strength  of  the  sarcolactic  acid 
and  the  optical  rotation  could  not  be  accurately  detennined.  The  optical  rota- 
tion of  this  solution  when  made  up  to  25  cc,  at  23°C.  was  O.S7°  dextro-rotary. 
Tliis  solution  of  sarcolactic  acid,  25  cc,  was  placed  in  a  beaker  and  allowed  to 
evaporate  to  a  thick  syrupy  liquid  which  amounted  to  1  cc.  This  was  then 
diluted  with  3  cc.  of  water  and,  if  it  were  pure  lactic  acid,  it  would  make 
approximately  an  ^  solution. 
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Burridge  (1)  noted  that  acid  sodium  phosphate  had  an  action  upon 
contracting  muscles  similar  to  that  produced  by  the  fatigue  substances, 
acid  potassium  phosphate,  lactic  acid  and  carbon  dioxide.  The  muscle 
showed  a  marked  decrease  in  the  ability  to  do  work  after  being  treated 
with  this  acid,  the  indirect  response  to  electrical  stimulation  dis- 
appearing before  the  direct  response. 

Since  adrenalin  counteracts  the  fatiguing  effects  of  sarcolactic  acid, 
lactic  acid  and  acid  potassium .  phosphate,  readings  were  made  to  note 
if  adrenalin  would  also  counteract  the  fatiguing  action  of  acid  sodium 
phosphate. 

METHOD 

The  method  was  the  same  as  that  described  by  Gruber  and  Kretsch- 
mer(2).  The  injections  of  acid  sodium  phosphate  were  always  made 
before  the  fatigue  from  excitation  could  set  in.  Both  make  and  break 
shocks  were  used  to  avoid  polarization  and  to  increase  the  rate  of 
stimulation. 


The  results  with  this  acid  resemble  those  obtained  by  Gruber  and 
Kretschmer  upon  experimentation  with  sarcolactic  acid,  lactic  acid  and 
mono-potassium  phosphate.  A  marked  drop  in  the  height  of  contrac- 
tion usually  resulted  from  the  first  injection  (see  fig.  1).  Sometimes 
however,  three  or  more  injections  were  necessary  to  produce  a  marked 
drop  in  the  muscle  curve  (see  fig.  2).    In  figure  I  a,t  1,  I  cc.  of  a  warm 

H 

~  acid  sodium  phosphate  solution  was  injected  into  the  perfusion 
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fluid.  There  resulted  a  decrease  of  97  per  cent  in  the  height  of  muscular 
contraction.  At  2,  epinephrin  (1  cc.  of  a  1  :  1000  solution)  was  injected, 
the  rate  of  flow  of  the  perfusion  fluid  decreased  from  60  drops  per  minute 
to  1  drop  per  5  minutes  with  an  increase  in  the  height  of  muscular  con- 
traction of  104.5  per  cent. 

In  the  beginning  of  the  eicperiment  in  figure  2  the  make  shock  was 
maximal  but  the  break  shock  was  super-maximal  as  shown  after  the 
injection  of  acid  sodium  phosphate.    In  this  experiment  the  following 

injections  of  -  acid  sodium  phosphate  solution  were  made  at  /,  1  cc., 

at  2,  2  cc.  and  at  3, 2  cc.  In  each  case  there  was  a  recovery  of  the  break 
shock  but  after  the  third  injection  the  response  to  the  make  shock  ceased. 
It  will  be  noted  that  after  each  successive  injection  the  recovery  became 
less  steep  and  smaller  in  extent.  In  other  cases  a  slight  recovery  was 
noted  after  the  third  injection  but  following  the  fourth  there  was  no 
recovery  but  a  gradual  decrease  in  the  height  of  muscular  contraction. 
Id  these  muscles,  in  which  there  was  this  gradual  loss  as  in  the  muscle 
from  which  figure  2"  was  made,  adrenalin  markedly  increased  the  height 
of  contraction.  In  figure  2  at  4r  I  cc.  of  epinephrin  (1: 1000  solution) 
was  injected;  the  drops  from  the  venous  cannula  almost  ceased.  The 
height  of  muscular  contraction  in  response  to  the  break  shock  increased 
from  15  to  31  mm.  or  106  per  cent.  The  make  shocks  increased  from 
almost  zero  (o  23  mm.  in  height. 


Epinephrin  counteracts  the  fatigue  produced  by  the  perfusion  of  acid 
sodium  phosphate  as  tested  by  the  changes  in  the  height  of  muscular 
contraction.  In  all  cases  where  a  marked  recovery  was  obtained, 
epinephrin  caused  an  almost  complete  cessation  of  the  passage  of  the 
perfusion  fluid  through  the  muscle. 
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Quite  apart  from  its  possible  relationship  to  the  diminution  of  sugar 
if  the  blood  and  urine,  the  appearance  of  an  excess  of  lactic  acid  in  the 
blood  following  the  injection  of  alkali  is  of  interest  in  connection  with 
the  mechanism  by  which  the  acid-base  equilibrium  is  maintained  in  the 
body.  Because  of  the  great  frequency  of  acidosis  as  a  patholc^c  con- 
dition, this  has  received  much  more  attention  than  the  opposite  condi- 
tion of  alkalosis  and  the  nature  of  the  so-called  alkaline  reserves  which 
may  be  called  upon  to  combat  any  tendency  of  the  H-ion  to  overstep  the 
DorTDal  bounds  is  thought  to  be  fairiy  well  understood.  No  attention 
has,  however  been  paid  to  the  possible  nature  of  the  acid  reserve 
available  when  the  H-ion  for  any  reason  tends  to  become  less  than 
nonnal.  Under  normal  conditions  of  life,  there  is  a  tendency  to  a 
relative  increase  in  base  when  the  diet  contains  excess  of  vegetable  food 
anil  there  may  be  certain  clinical  conditions,  such  as  tetany,  in  which 
an  alkalosis  occurs.  The  acid-base  equilibrium  under  these  conditions 
is  probably  at  first  chiefly  maintained  by  neutralization  of  the  excess  of 
base  in  the  plasma  by  COj  and  by  conversion  of  NaHjPOt  into  Na«HPO«. 
Other  changes  are  that  more  ammonia  is  converted  into  urea  so  that 
the  ratio  between  urea-N  and  NHi-N  in  the  urine  falls  and  some  of 
the  alkali  combines  with  protein.  Besides  these  adjustments,  the 
possibility  exists  that  unoxidized  acids,  such  as  lactic  acid,  are  used. 
It  was  more  particularly  to  investigate  this  possibility  that  the  present 
research  was  undertaken. 

It  might  be  assumed  that  the  appearance  of  an  excess  of  alkali  in 
the  organism  would  be  entirely  prevented  by  its  combination  with 
carbonic  acid.  About  0.5  gram  of  COs  are  produced  by  aman  of  average 
weight  in  one  minute  and  this  would  neutralize  about  the  same  amount 
of  base  as  NaOH,  an  amount  which  is  many  times  in  excess  of  what 
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could  possibly  be  absorbed  from  the  iDtestiDea  Id  the  same  period. 
If  the  neutralitation  of  excessive  base  were  affected  solely  in  this  way, 
an  increase  of  NaHCOi,  and  consequently  of  the  carbonate  anion 
HCOi,  would  occur  in  the  blood.    This  follows  from  the  fact  that 


r  H.CO,  1 

eqiution  I  v  uc(\  I  P*^^*^^   ^'  remains  constant.    That  COi  is 

used  in  this  way  (i.e.,  to  form  NaHCOi)  is  shown  in  rcsulu  obtained 
in  this  laboratory  by  R.  W.  Scott,  who  found,  after  injerting  sodium 
carbonate  solution,  that  the  COrcontent  of  the  blood  increased  far 
beyond  the  amount  that  could  be  accounted  for  by  add'ng  the  injected 
carbonate  to  the  COt  already  present  in  the  blood.  An  increase  in  the 
carbonate  anion  has,  however,  been  shown  by  the  work  of  Hooker, 
Wilson  and  Connett  (2)  and  R.  W.  Scott  (3)  to  cause  a  stimulation  of 
the  respiratory  center  which  is  more  or  less  independent  of  the  H-ion 
concentration  of  the  arterial  blood,  and  such  a  stiibulation  of  respiration 
certainly  does  not  occur  at  any  stage  during  alkali  injection.  It  has 
recently  been  shown  by  the  last  mentioned  worker  that  marked  st'mu- 
lation  of  the  respiratory  center  may  occiu*  in  decerebrate  cats  when 
there  is  an  excess  of  carbonate  in  the  blood,  even  when  Ch  of  the  Ut- 
ter is  much  below  the  normal  level,  indicating  quite  clearly  that  the 
BCOi  anion  itself  must  be  a  respiratory  excitant. 

To  prevent  accumulation  of  carbonate  in  the  blood  when  there  is 
excess  of  baae,  therefore,  it  is  theoretically  probable  that  organic  acids, 
such  as  lactic,  are  used.  We  have  accordingly  determined  the  amount 
of  this  acid  contained  in  (he  urine  of  anesthetii«>d  animals  before  and 
during  the  intravenous  injection  of  an  amount  of  alkali  sufficient  to 
lower  Ch  of  the  blood  and  it  has  been  found  that  when  the  base  is  added 
in  excess  of  the  amount  which  could  be  neutralised,  the  sal  t  of  the  organic 
acid  accumulates  in  the  blood  and  appears  in  the  tuine.  Although  a 
considerable  amount  of  lactic  acid  was  found  to  appear  in  the  urine 
during  the  time  of  the  observation,  the  quantity  excreted  was  sufficient 
to  account  for  only  a  small  fraction  of  the  adnuDistcred  alkali.  This 
result  raises  the  question  as  to  whether  lactic  acid  production  would 
occur  when  the  increase  of  alkalinity  was  insufficient  to  affect  C^  of  the 
blood  appreciably,  and  if  so,  whether  it  could  be  demonstrated  in  the 
uhne  when  excessive  amounts  of  base  were  absorbed  from  the  intestine. 
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Most  of  the  animals  were  anesthetized  with  ether,  care  being  taken 
to  avoid  excessive  struggling  or  dyspnea.  In  one  or  two  cases  urethane 
was  used,  but  not  as  a  rule  since  this  drug  may  itself  lead  to  lactic  acid 
production.  Cannulae  were  then  inserted  in  the  trachea,  ureters,  femor- 
al artery  and  femoral  vein.  Isotonic  saline  solutions  containing  varying 
percentages  of  NaiCOt  were  injected  throi^  the  vein  cannula,  usually 
by  means  of  Woodyatt's  perfusion  apparatus.  Samples  of  about  40 
GC.  each  of  blood  were  removed  at  intervals  from  the  artery  cannula  and 
immediately  delivered  into  tared  flasks  containing  100  cc.  2  per  cent 
HCl-  The  flask  was  then  weighed  and  sufficient  of  a  saturated  solution 
of  HgCl}  added  to  precipitate  the  protein,  the  total  volume  being 
noted.  After  removal  of  the  protein  and  mercury,  an  aliquot  [wrtion 
of  the  solution  was  saturated  with  (NH0i3O«,  further  acidified  with 
HiPOt  and  extracted,  without  previous  evaporation,  in  either  the  Lind 
or  the  Dunbar  apparatus.  Our  experience  shows  that  it  is  advisable 
not  to  evaporate  the  blood  filtrate  prior  to  extracting  with  ether,  since 
it  is  difficult  to  do  this  without  some  loss  of  lactic  acid  (due  to  anhydride 
formation).  After  extraction  for  48  hours  and  evaporation  of  the  ether, 
the  residue  was  immediately  oxidized  by  N/200  permanganate  according 
to  the  von  Fflrth-Cbamass  method. 

When  urine  was  used,  it  was  immediately  saturated  with  (NEWjSO* 
acidified  and  extracted  with  ether,  the  extract  after  removal  of  ether 
being  then  oxidized.  Ishihara  (4)  states  that  it  is  advisable  to  precip- 
itate the  urine  with  phosphotungstic  acid  and  then  evaporate  to  small 
bulk  before  the  ether  extraction.  Quite  apart  fnuu  the  expense  and 
loss  of  time  involved  in  such  a  process,  the  necessity  of  evaporation  to 
small  bulk,  even  when  it  is  done  at  reduced  pressure,  incurs  the  risk 
of  loss  of  lactic  acid.  We  find  that  proloi^ed  ether  extraction  of  fresh 
urine  after  saturating  with  ammonium  sulphate  removes  all  of  the  lactic 
acid. 

We  have  evidence  to  show  that  the  bisulpliite-combiniDg  power  of  the 
oxidation  distillate  is  a  true  measure  of  the  actual  lactic  acid  present 
when  blood  is  used,  but  it  is  doubtful  whether  this  is  the  case  with  unne. 
The  ether  extract  of  the  latter  contains  a  considerable  amount  of  Sub- 
stance which  is  oxidized  by  permanganate  so  that  much  more  of  this 
has  to  be  added  before  oxidation  is  complete  than  is  the  case  with 
blood.  The  distillate  also  invariably  binds  a  small  amount  of  bisul- 
phite, which  is  not  proportional  to  the  duration  of  the  oxidation  process. 
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Thifl  bisulphitc-bindinff  substance  in  the  normal  urine  exprofuod  in 
terras  of  N.  '20  iodine  is  not  larfcc  In  a  neries  of  doftfi'  urine,  it  was  as 
follows:  2.1  CO.,  3.3  cc,  1.4.  The  variations  for  ral)bit.s'  urine,  along 
with  the  amounts  of  urine  used  (in  brackets),  were:  2.4  (60  cc);  1.5  cc. 
(50  cc);  1.6(43cc.);l.I  (I5cc);2.2cc  (142  cc);  2.4  (20  cc);  1.6  cc 
(55  cc) ;  1.2  (30  cc);  0.9  cc  (150  cc) ;  0.9  (12  cc).  Some  of  the  animals 
were  fed  and  others  starved,  which  accounts  for  the  variations  in  tht- 
volume  of  urine  but  it  is  clear  that  the  binding  substance  bears  no 
proportion  to  the  amount  of  urine.  Althouith  the  ether  was  shaken 
with  KOH  and  distilled  after  washing  and  drying  over  OaC'lt,  it  is 
probable  that  a  part  at  least  of  the  binding  substance  in  most  instanc*'^ 
was  derived  from  this  source.  Blanks  of  the  reagent«  alone  w<-n;  not 
run  with  sufficient  frequency  but  since  conclusions  are  drawn  from  the 
results  only  when  a  very  pronounced  amount  of  bisulphite-binding 
substance  distilled  over,  the  omis.Hion  is  of  no  practical  consequence*. 

In  view  of  thew  facts,  we  must  at  present  disregard  the  results  on 
urine  unless  when  the  increase  in  bisulphite-combining  power  is  very 
distinct,  and  even  then  we  cannot  i>e  certain  that  lactic  acid  is  alone, 
or  mainly,  responsible  for  the  increase.  The  presumptive  evidenw  isin 
favor  of  the  oxidisable  material  being  lactic  acid,  but  it  would  be  newa- 
sary,  before  we  could  be  certain,  to  isolate  and  identify  as  the  linc  salt 
and  s<'e  whether  the  amount  thus  recovered  agreed  with  the  amount 
an  determined  hy  the  permanganate  method.  We  have  several  times 
attempted  this  isolation  of  cine  lactate  from  urines  showing  a  large 
percentage  of  lactic  acid  by  the  oxidation  method,  but  so  far  without 
success.  Very  marked  qualitative  reactions  for  lactic  acid  (Hopkins- 
Cole)  are  obtained  in  the  ethereal  extracts  of  such  urines  but  there 
appeara  to  be  something  prewnt  which  interferes  with  the  crystaltitation 
of  the  zinc  lactate.  Preliminary  treatment  of  the  extract  with  lead 
carlionate  (to  remove  most  of  the  traces  of  inorganic  salts  and  of  HjPOt 
which  comes  over  with  the  ether  in  the  extraction  apparatiLs)  and  sub- 
Ni-4|uently  with  charcoal,  has  not  Ikm-o  found  to  remove  satisfactorily  all 
of  the  interfering  substances. 

Further  details  of  the  purely  bifK-hemical  axpects  of  our  problem  will 
l>e  piibli.'ih«-<l  later,  but  meanwhile  we  would  point  out  that  caution 
should  l>e  exerci.te<l  in  calculating  as  lactic  acid  all  of  the  bii^ulphite- 
eombining  substance  in  the  oxidation  mixture.  We  note  that  this  hai 
Ivi-n  done  by  Dapper  I'n  and  by  Ishihara  (41, 
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Lactic  add  in  the  urine  during  the  intravenous  injection  of  sodium 
earbonaie.  These  observations  were  made  partly  on  rabbits  and  partly 
CD  dogs.  Table  1  gives  typical  results  on  two  rabbits.  In  experiment 
XVI,  a  total  of  8.9  grams  NaiCOi  was  injected  at  the  rate  of  1  cc.  per 
minute  over  a  period  of  about  four  hours.  There  was  no  effect  on  the 
respiratory  rate  until  shortly  before  death,  although  P^  rose  steadily 
from  the  normal  of  7.4  to  7.S.  The  urine  was  excreted  in  large  amount 
and  was  removed  in  50  to  70  cc.  quantities  and  the  lactic  acid  deter- 
mined. A  steady  increase  occurred,  the  total  amount  excreted  during 
the  injection  being  0.650  gram.  This  would  suffice  to  neutralize 
4.3  per  cent  of  the  injected  carbonate. 

In  experiment  XVII,  the  carbonate  solution  was  twice  the  strength 
of  that  used  in  XVI,  and  its  injection  caused  complete  apnea  after  about 
fifty  minutes.  The  Ph  of  the  blood  rose  to  7.9  and  less  urine  was 
excreted  than  in  the  previous  animal.  A  total  of  0.245  gram  lactic  acid 
was  excreted,  which  is  sufficient  to  neutralize  less  than  2  per  cent  of  the 
alkali  injected. 

While  the  results  of  these  experiments  clearly  show  that  lactic  acid 
or  something  closely  related  to  it,  appears  in  the  urine  following  alkali 
injection,  the  quantity  is  insufficient  to  neutralize  more  than  a  very 
small  fraction  of  the  alkali.' 

Similar  results  were  obtained  by  observations  on  dogs  (cf.  table  2). 

In  the  first  of  these  (exp.  XVIII),  the  alkali  was  injected  rapidly 
(about  2.5  per  minute)  in  2  per  cent  solution,  causing  a  marked  rise  in 
Pb-  The  urine  was  freely  excreted  and  in  the  specimens  examined 
there  was  a  decided  increase  in  lactic  acid.  The  total  amount  of  lactic 
acid  was  not  determined  so  that  the  relationship  between  this  and 
the  amount  of  injected  alkali  can  not  be  calculated. 

In  experiment  XIX  the  alkaline  solution  was  so  slowly  injected  that 
there  was  only  a  shght  increase  in  Pq.  The  urine  was  very  slowly 
excreted  and  contained  a  total  of  0.250  gram  of  lactic  acid  or  about 
5  per  cent  of  the  amount  required  to  neutrahze  the  injected  alkali. 
This  animal  was  anesthetized  with  urethane  and  is  therefore  not 
strictly  comparable  with  the  others,  In  which  ether  was  used. 

'  Allowance  was  not  made  in  calculating  the  amounts  for  the  biaulphite- 
binding  material  in  the  normal  urine  and  reagents.  This  is  however  bo  small 
compared  with  the  amounts  found  after  alkali  that  allowance  for  it  would  not 
materially  affect  the  calculations. 
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TABLE  1 


n  or  Ni^Oi  •m.vnoM  nwienD 


BxperimtTd  XVI.     Rabbit,  weiglU  t.l  kgrn. 


I  hi 


Started  B 
S.20 
6.10 
7.05 
7.5S 
it  38 
».30 


48  ec.  {  per  oeat  •olution 
40  cc.  C  per  cent  ■olutioa 
SO  CO  C  per  cent  •olution 
40  cc.  b  per  cent  aolution 


70   D.aOO  0.210 


8.0  (trmmi  NbiCOi  (equivalent 
to  16.1  fnuni  lutic  aoid) 


£i]Mn>wf»l  JTF//.    RcMrii.  atigkt  SM  kfK. 


Started  at 
2,27 
3.30 
3.6S 

M 

ao 

75 

38 
39 

M  CO.  per  cent  eolution 

Became  «|»eie.    Stoppwl  Nat- 
CO.  after  S2  CO.  injected  for  35 
minulee.    Started  afain 

30 
50 

9.230 

0,110 

7.8 
7.7 

4,00 

D.340 

9.1U 

4.30 

aMo 

30,4 
Dead 

Rabbit  apoeie.    Injection  atop- 

pwl 
SS  cc.  10  per  cent  aoluUon 

as 

7.S 

8.5  gniu  Na/X>,  (equiTalent 
to  14.4  irama  lactic  acid) 

D,34S 

Id  experiment  XX,  even  leaa  Alkkli  was  given  Although  the  ?■  of  the 
blood  rose  to  7.6.  Urine  excretion  waa  somewhat  more  r^d  and  a 
total  of  0.180  gram  of  lactic  acid  appeared  or  about  5.3  per  cent  of  the 
amount  required  to  neutralise  the  injected  alkali. 

In  experiment  XXI,  the  same  strength  of  alkaline  solution  was 
injected,  but  more  n^Mdly,  with  the  result  that  P^  of  the  blood  remained 
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TABLES 

£z^«rtmenf  XVIII.    Dog,  vieight  S.6  hum.  (ether) 


i>,.C. 

«. 

P»«« 

«nm> 

Normal 

37.1 

2.4S 

37.6 

WW 

2  per  cent  solution 

3.12 

SRfic 

2  per  cent  tolution 

(2>5C 

0.13( 

7.6 

4.05 

36.0 

50  cc 

2  per  cent  solution 

f3)  2C 

o.ioe 

4.10 

50  CO 

2  per  cent  solution 

4.30 

(4)  4t 

7.7 

4.45 

4.66 

50  00 

2  per  oent  solution 

(5)  4C 

fi.lfi 

50  ce 

2  per  cent  solution 

5.36 

50  or 

2  per  cent  solution 

5.65 

saw 

2  pet  cent  solution 

6.00 

36.0 

60' 

6.20 

50  oc 

2  per  cent  solution 

6.25-26 

35.7 

45  cc 

2  per  cent  solution 

0.200 

7.9 

£zp»n'mml  ^'/X    i)off,  wm'frAt  9  kgm.  (ur«lAan«) 


Normal 

No  urine 

7.45 

38.6 

2.20 

3.09 

38.3 

60  cc.  2  per  cent  solution 

7.5 

3.15 

11 

0.46t 

0.050 

3.65 

38.5 

60  cc.  2  per  cent  solution 

4.40 

60  cc.  2  per  oent  solution 

6.00 

6.00 

10 

1.04t 

0.200 

About 
7.6 

Total 



3  grams  (equivalent  to 
6.1  grains  lactic  acid.) 

r».250      grams 
(equal  to   6 
per  cent  of 
required 
amount) 
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TABLE  t-CmUmmi 
•r  MtiCth  •oi.CTioii     


Bxptriment  XX.     Dog.  wight  10  kgrn.  («liUr). 


38-1 

«, 

""^ 

"•^ 

7.45 

3.45 
430 
5.00 
6.05 
6.10 
5.00 
9.40 
6.S0 

37.3 

00  cc.  1  per  cent  lolutioD 
GO  cc.  1  per  cent  aoluttOD 

GO  cc.  1  per  cent  aolution 

30 
30 

O.3S0 
0.495 

0.0180 
O.IOO 

7  06 

7.« 

TottI«  

3.4  gntma  lactic  ncid.) 

Q.1§0        icrmffi 
(eqiul  to  53 
per  cent  of 
required 
amount) 

BtptrimrrU  XX.     l>og.  vtight  10.5  kgm.  (elhtr) 


I  Oj      1 

7.4 

1  wt   ] 

l.»    1 

1.50      . 
3  10 
231 

2  50 
S.12      j 
J.31      1 
3.54 

no  cc.  1  per  cent  suhilicm 
.W  cc.  1  per  cent  •olulion 
50  cc.  1  per  cent  »oltilian 
50  cc.  I  per  cent  »olulion 
50  cc.  1  per  cent  ■nluiion 
50  cc.  1  per  cent  eolulion 
50  cc.  1  per  cent  soluliun 
50  cr.  1  per  cent  lolution 

300 

0.130 

T.liU 

4  Krwn*  N»,<'(>i  (rquiva- 
tent  to  6.H  itram*  Isrtir 
acid.) 

r)3U0        Krama 
or  nearly  « 
per  cent  of 
required 
amount 

*  t^arKP  aniiiunl  brt*rren. 
t  In  buih  of  tbcHC  the  back  titration  m 
pniliaNy  more  larlic  acid. 
i  Klhet  Kiren. 


■  only  0.2  cc,  N.  X,  ao  that  there  waa 
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practically  conetant  but  there  was  marked  diuresis.  A  total  of  0.390 
gram  lactic  acid  was  excreted,  correBponding  to  about  6  per  cent  of  the 
amount  of  alkali  injected. 

In  the  experiments  of  the  immediately  preceding  group,  the  alkali 
was  continuously  injected  while  the  urine  was  being  collected.  It 
was  thought  possible  that  a  larger  amount  of  lactic  acid  in  propoi-tion 
to  the  alkali  injected  might  be  obtained  if  the  alkali  were  given  within  a 
short  period  of  time  at  the  beginning  of  the  observation  and  the  urine 
collected  for  a  subsequent  period  of  several  hours.  The  results  of  two 
such  observations  are  given  in  table  3,  and  from  them  it  appears  that 
contrary  to  expectation,  relatively  less  of  the  lactic  acid  used  to  neu- 
tralise  the  alkali  was  excreted  in  the  urine  during  the  observation  than 
when  the  alkali  injections  were  continuous.  In  both  experiments  a 
marked  increase  in  the  percentage  of  lactic  acid  was  observed  in  blood 
which  was  removed  several  hours  after  discontinuing  the  injections  of 
alkali,  and  corresponding  to  ttib  there  was  a  continued  excessive  amount 
of  lactic  acid  in  the  urine.  Indeed  in  one  of  the  experiments  the  urinary 
excretion  of  lactic  acid  progreasively  became  greater.  Had  the  observa- 
tion been  continued,  it  is  evident  that  a  much  larger  total  amount  of 
acid  would  have  been  recovered. 

The  effect  produced  by  the  oral  adminUtration  of  alkali  on  the  Iodic  acid 
cf  the  urine.  Although  the  lactic  acid  excreted  in  the  urine  following 
intravenous  injection  of  alkali  is  sufficient  to  neutralize  only  a  small 
fraction  of  the  administered  alkali,  the  amount  thus  excreted  is  so  much 
in  excess  of  that  which  is  apparently  present  in  normal  urine  that  it 
seemed  advisable  to  see  whether  any  increase  would  occur  when  alkali 
was  given  by  way  of  the  stomach.  Since  it  is  uncertain,  as  has  already 
been  pointed  oi^,  whether  all  of  the  bisulphite-combining  material 
which  comes  over  in  the  distillate  during  the  oxidation  of  the  ether 
extract  of  urine  is  really  lactic  acid,  one  cannot  draw  conclusions  from 
the  results  unless  decided  increases  are  found  to  occur.  Even  in  this 
case  we  cannot  be  certain  that  it  is  really  to  lactic  acid  that  the  increase 
is  due.  Notwithstanding  these  criticisms,  we  have  thought  it  advisable 
to  report  in  condensed  form  the  results  which  have  been  obtained. 

1.  Two  observations  were  conducted  on  a  cat  kept  on  a  constant 
diet  of  fish  and  also  fed  by  stomach  tube  at  9  a.m.  daily  with  a  soup 
made  of  minced  liver,  flour  and  water.  On  certain  days  sodium  carbon- 
ate or  bicarbonate  was  added  to  the  soup.  Any  effect  which  the  excite- 
ment and  occasional  struggling  occasioned  by  passing  the  stomach 
tube  might  have  on  lactic  acid  excretion  was  largely  discounted  by  the 


dbyGOOglC 


Jl 


Bxptrimtnt  XXII.     Wtigh 

S.$kgm. 

(«(A«-) 

«.«) 

60.0 

9.034 

0.0160 

ud  cuduIm  inMrt«d 

10.10 

4  inmi  Hu/Xt,  in 

10.66 

200    c.    0.0    p«r 
ceDt  N«a 

lO.SS 

iie.( 

).oc: 

i.oeo 

Uruw  dkmliiui  (litiaiM) 

11. so 

7.4 

UriiMilomr 
Blood  pnMura  130 
Temp«ratun  37.8 

12.39 

6  ip-uu   urw  in- 

irraft  inJM(«d  for  diiire- 

■ii 

t.OO 

Kl 

i.ia 

).047 

3.U 

60.( 

).3H 

).10S 

2.60 

pi87 

ToUl  kmount  of  ImUc  *dd  {aft«r  lubtracting  normal),  O.IM  (ram. 

Total  alkali  iiij«c(«d,  4  paiu  NaiCOi,  raquiiins  6.70  grama  laetle  add  to  neo- 

traliaa. 
The  laetie  add  ueretod  auffloed  to  neutraliM  3.1  per  cent  of  administered  alkali. 


STptriwuM  XXV.     WngSt  IS.I  kfm.  <ethtr) 

0.30 

800 

0.4S 

2  6Sfram*Na.CO, 

No    chaogB    in    blood 

10.17 

iuiected 

preaaure    or   TMpua- 
tiop  by  iDiKtion 

10.18 

t'rine  alkalioa  (Utmua) 

10.33 

}0M 

11.00 

6  grama  urea  in- 
jecfd 

Tree  for  diureata 

13.00 

41  A 

}  in 

>04K 

i.ao 

6  grama    urea    In- 
jaofd 

I'rea  for  dlureaia 

3.00 

3.6  grama  urea  in- 
jected 

Hr 

I  Temperature  38*C. 

4.10 

61  (1 

)0WOO« 

4.13 

1 

0.126. 

Total  amount  of  lactic  acid.  0-006  gram. 

Total  alkali  injected,  2.A9  gram  Na,Ct)i.  requiring  4,6  grama  lactic  acid  to  neo- 

Tbe  lactic  acid  excreted  aulfired  to  neutraliie  2.1  per  cent  of  tbe  adminiatered 
alkali. 


IIM 
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procedure  being  gone  througti  whether  or  not  the  Boup  contained  the 
alkali.  Three  hours  after  giving  the  eoup  (at  12  noon),  the  bladder  was 
emptied  by  catheter  and  after  measuring  the  specimen  of  urine  so 
obtained,  portions  were  taken  for  detennination  of  ?■  and  ammonia, 
the  remainder  being  added  to  the  urioe  which  had  collected  during  the 
previous  twenty-four  hours  in  a  thoroughly  clean  metabolism  cage. 
The  lactic  acid  and  nitrogen  were  then  determined  in  the  total  24-hour 
speciroen.  The  cat  was  fed  100  gram  fish  immediately  after  the  urine 
had  been  collected. 

Table  4  gives  the  result  of  the  two  experiments.  In  cat  I,  after  a 
preliminary  period  of  eight  days  during  which  no  alkali  was  given, 
there  followed  one  of  six  days  during  which  0.5  gram  NaiCOi  per  kg. 
body  weight  was  mixed  with  the  food  daily.  This  was  followed  by  a 
third  period  without  alkali. 

The  carbonate  was  retained  by  the  stomach  except  on  the  second  day 
after  the  start,  when  most  of  the  soup  was  vomited.  That  the  alkali 
was  absorbed  and  had  called  into  play  the  neutralizing  mechanisms  of 
the  body,  is  indicated  by  the  increase  in  Ph  of  the  urine  and  by  diminu- 
tion in  the  ammonia  excretion. 

Regarding  lactic  acid  it  will  be  noted  that  the  daily  excretion  was 
fairly  steady,  with  the  exception  of  one  day,  until  the  alkali  period  when 
it  rose  from  an  average  of  about  0.007  gram  to  0.012  gram  on  the  first 
and  0.022  gram  on  the  third  days,  after  which,  although  the  alkali  was 
still  being  given,  it  fell  back  to  the  normal  level.  A  slight  degree  (^ 
diuresis  resulted  from  the  ^kali  sdministration,  but  that  this  diuresis 
alone  was  apparently  not  responsible  for  the  increase  in  lactic  acid  is 
evidenced  by  the  fact  that  the  actual  amount  of  bisulphite-combining 
substance  in  the  distillate  was  increased  from  a  steady  average  of  about 
1.7  cc.  N/20  for  the  normal  urines  to  over  4  and  5  cc.  on  the  first  and 
third  alkali  days,  respectively.  The  increase  in  supposed  lactic  acid 
is,  however,  very  small  and  the  result  must  be  considered  as  quite 
inconclusive. 

It  is  interesting  to  note  that  on  one  day  in  the  preliminary  normal 
period  (July  24)  the  lactic  acid  rose  very  decidedly  and  the  lelative 
ammonia  excretion  fell  without  change  in  Ph.  We  have  no  explanation 
to  offer  for  this  deviation  from  the  otherwise  fairly  constant  daily  values. 

In  the  second  experiment  the  procedure  was  much  the  same  as  in  the 
first  with  the  differences  that  the  stomach  tube  was  passed  twice  daily 
and  the  alkah  was  NaHCOa  instead  of  NajCOj.  It  was  thought  pos- 
sible that  by  more  prolonged  absorption  of  the  alkali  from  the  intestine, 
more  striking  results  might  be  secured. 
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TABLE  « 


July  18 
July  IS 
July  20 
July  21 
July  23 
July  24 
July  25 
July  20 
July  27 
July  28 
July  30 
July  31 

August    2 
Auguat    8 


August  4 
August  0 
August  7 
August  0 
August  10 
August  11 


50  cc. 
SO  re. 

SO  cc.  +  N»,CO, 
SO  oe.  -I-  Na.Cat 
SO  M.  +  NftiCO, 
60  ec  +  N*,a>, 
SO  cc.  +  N'atCO. 
M  ec.  +  St^O, 
Norautl  diet? 


100  c< 


p^mt 

m. 

0.004 

43 

o.oot 

66 

o.oot 

75 

o.oo; 

65 

O.OOi 

80 

0.02( 

05 

0-00( 

56 

o-oo: 

90 

0.012I 

76 

0.023 

103 

000; 

100 

OOOf 

103 

OOW 

78 

0.003 

48 

0.012 

107 

OOftS 

80 

0.004 

9i 

0.007 

106 

0,007 

70 

0.004 

M 

4.126  8.1-6.3 
4  626  6.1-6.3 
4. 118*6.1-6  3 

4M26.l-«.3 

1  862«.I-«.3 

3  66l|6.3-6  S 
5.S21!6.3-6.6 

2.4Mi«.3+ 

l,360|H.2-«-3 

2  031  S,  3+ 
1.97B'H.3 

4  437K  3 
vooiilpd   uid 
sp^ikl  det«T- 


!  7  4128  13 
7.4126  3-«. 5 
4  3216  3-6  6 
2  «I9J6.»4.6 
6.40l|6.3-6.6 

I  2  075,6.3-<5 


Food  by  stomach,  50  cc,  ■(  time.  cunlBining  IS  grams  liver  sad  10  grams  flour, 
F«d  at  9  a.m.    Bladder  ■pt'cimcn  taken  at  12.  and  after  this  rat  fed  in  nonnat 

fashion  approximately  100  gratni  of  bh. 
Weii^t  of  animal  at  be|tinninK2,4  kilos,  on  August  11,  2.6  kilos. 
Nai(X)i,  0.5  gram  per  kilo,  from  July  27  to  August  2,  inclusively. 

('of  //.     Cathttrr  iptcimrn 


August    7  I  100  grama                                           |  0  O0.i 

Augunt     0  too  grama                                             0  007 

Auguxt  10  100  grams                                        0  007 

August   II  100  grams                                           '  0  0(H 

August  14  100gramapluB2grHmBNatl('O,  '  0  014 

per  kilo  I 

August  IS  100  grama  plus  5  grama  NaiK'Oi               1 


98  ,  j  4  32  ,6.2-6  5 

100  '  2  65  I  2  91  6  2-<  6 

7o|2fH'6  41  63-66 

54l2W'2tf7  63-66 

116  j  3  90  •  0  64  8  1-6  3 

2  00  8  1-6  3 
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TABLE  i-C<mti<Hiti 


Cat  II.    Catheter  ipecimen — Continued 


August  16 

100  grams  plus  5  gruna  NaHCO. 
per  kilo 

0.OO4? 

62 

0.60 

0.65 

8.3+ 

AugUHt  17* 

100  grams  plus  5  grams  NaHCOi 
per  kilo 

"" 

191 

3.80 

0.16 

8.3+ 

AuguBt  18 

100  grams.     No  alkali 

).0O7 

200 

6.80 

1.67 

r.5-7.7 

August  19 

100  grams. 

0.005 

90 

2.34 

4.73 

B.3-S.6 

100  gm.  or  cc.  contained  20  gm.  of  meat  and  10  gm.  of  bread.    This  was  fed  by 
stomach  tube  in  two  portions  of  60  cc.  each,  one  at  0  a.m.,  the  other  at  3  p.m. 
In  the  late  afternoon  the  cat  was  allowed  to  eat  in  the  normal  fashion  approx- 
imately 100  gm.  of  Ush. 
*  Cat  vomited  once  on  this  day. 

The  Pb  of  the  urine  and  the  relative  ammonia  excretion  again  both 
indicated  absorption  of  the  alkali,  and  the  lactic  acid  excretion  on  the 
four  days  preceding  those  on  which  alkali  was  given  averaged  0.006 
gram  and  did  not  vary  greatly.  During  the  first  few  alkali  days  there 
was  apparently  only  a  moderate  increase  in  lactic  acid  (unforttmately 
the  estimation  for  the  second  day  was  lost  and  there  is  doubt  as  to  the 
accuracy  of  that  of  the  third),  but  the  increase  became  very  pronounced 
on  the  fourth,  which  was  also  the  last  day  of  the  period.  Diuresis  was 
marked  on  this  day,  but  it  was  also  present  on  the  succeeding  day  when, 
however,  the  lactic  acid  had  returned  to  the  normal  level.  This 
increase  was  independent  of  the  diuresis,  as  was  shown  in  the  bisulphite- 
titration  figures,  which  stood  steadily  at  about  1.6  cc.  N/20  solution, 
except  in  the  urine  of  August  17,  when  they  rose  to  9.6  cc.  N/20  solution.  - 
Unfortunately  the  cat  vomited  on  this  day  and  although  none  of  the 
vomit  appeared  to  mix  with  the  urine,  yet  some  may  have  done  so. 

Ad  excessive  excretion  of  nitrogen  occurred  on  the  last  alkali  day  and 
on  that  immediately  succeeding, 

The  results  indicate  that  a  substance  which  is  either  lactic  acid,  or 
something  closely  related  to  it  chemically,  tends  to  be  excreted  in  greater 
amount  in  the  urine  when  alkali  is  being  absorbed  from  the  intestine  in 
sufficient  quantity  to  change  the  H-ion  concentration  of  this  fluid  and  to 
lower  the  relative  ammonia  eiAjretion.  Although  the  amount  of  this 
substance  in  normal  urine  is  tolerably  constant  from  day  to  day,  yet 
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it  doea  occaBionally  become  very  decidedly  greater  independently  of 
giving  alkali  (i.e.,  results  of  July  24).  It  is  significant  however  that  on 
the  day  on  which  this  increase  was  observed  to  occur  there  was  evidence 
of  a  disturbance  in  the  acid  base  equilibrium,  namely,  a  fall  in  the  rela- 
tive ammonia  excretion. 

OB8EBVATIONS  ON  UXtt 

These  were  made  on  three  healthy  men  living  oq  an  average  summer 
diet  of  approximately  the  same  composition  from  day  to  day  but  without 
any  precise  measurement  of  the  actual  amounts  of  its  constituents. 
Care  was  however  exercised  to  take  no  irregular  amounts  either  of 
animal  food-stuffe  or  of  fruits  and  vegetables,  since  these  might  disturb 
the  acid  base  equilibrium.  The  urine  was  collected  for  24-hour  periods 
with  the  usual  precautions  and  total  nitrogen,  ammonia,  or  total 
acidity  and  Pg  were  determined,  as  well  as  lactic  acid.  After  a  certain 
period  on  the  standard  diet,  sodium  bicarbonate  was  given  on  several 
succeeding  days  and  finally  the  normal  diet  alone  was  taken. 

The  results  are  shown  in  table  5.  In  the  observaticms  on  K.  and  Sb., 
the  lactic  acid  excreti<Hi  on  the  normal  days  varied  between  0.014  and 
0.029  gram  per  diem,  the  amount  being  independent  of  the  vtdume  of 
urine  excreted.  In  tbe  case  of  St.,  however,  the  excretion  was  much 
greater,  vis.,  between  0.05  and  0.08  gram  per  diem.  We  are  inclined 
to  believe  that  tbe  greater  values  for  St.  are  in  part  due  to  more  thorough 
ether  extraction.  Although  this  difference  in  technic  occurred  between 
the  urines  of  St.  and  those  of  K.  and  Sb.,  tbe  extraction  was  constant 
for  the  urines  of  each  experiment  so  that  tbe  results  are  comparable  for 
any  given  individual.  The  more  thorouf^  extraction  of  the  urine  of  8t. 
we  attribute  to  the  use  of  the  Dunt>ar  extractor  in  place  of  that  of  land. 

The  amount  of  lactic  acid  in  normal  human  luine  was  found  by 
Ishibari  (4)  to  be  about  0.08  gram  per  liter.  Our  figures,  it  will  be  seen, 
are  somewhat  lower.  Dapper  (5)  in  a  series  erf  pathological  urinex 
found  daily  amounts  of  lactic  acid  varying  between  0.051S  gram  and 
0.48!>  gram,  the  latter  rexult  tM-in|;  obtained  in  the  cow  of  mechanical 
liver  olmtniction.  Most  of  the  rttiults  lay  bi'twivn  0.05  gram  and  0.150 
gram. 

With  n-fcard  to  lbi>  itifliicnrv  of  alkali  administration,  it  will  Ih> 
(i)>tkT^-c<]  thitl  the  lactic  acid  t-xcn-tion  w.hs  approximately  doublcil  in 
the  urine  of  K..  (he  incn'fu^-  loHliriK  for  at  Icmt  two  dayn  after  the  alkali 
ailiiiiiiixinitiim  hud  cavd.     In  the  citw  of  Sh.,  the  incri-atc  was  wtill 
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TABLES 


SiAject:  K. 

1 

Normal  diet 

920 

0.025 

10.67 

6.68 

6.7-6.9 

2 

Nonnal  diet 

930 

0.016 

10.78 

4.96 

6.8-6.5 

3 

Normal  diet 

1030 

0.014 

12.33 

3.77 

6.5-6.7 

4 

Normal  diet 

960 

10.25 

4.28 

6.3-6.5 

fi 

NaHCO),  15  grams  per  diem 

1260 

0.039 

8.65 

1.51 

8.1-^.3 

6 

NaHCO.,  20  grame  per  diem 

1760 

0.018 

11.69 

0.97 

8.3+ 

7 

NaHCO.,  25  grams  per  diem 

1300- 

0.038 

10.69 

0.41 

8,3+ 

a 

Normal  diet 

1450 

0.033 

8.33 

6,136 

7,1-7.3 

9 

Normal  diet 

1070 

0.043 

11.25 

6.08 

6.5-6.7 

1 

Normal  diet 

935 

0.029 

12.72 

4.53 

5.5-6.7 

2 

Normal  diet 

850 

0.023 

10.30 

3.77 

5.5-6.7 

3 

Normal  diet 

1100 

9.4 

5.44 

5.5-5.7 

4 

Normal  diet 

1250 

9.6 

6.47 

5.5-5.7 

(> 

Normal  diet 

1100 

0.018 

11.07 

4.06 

6.5-5.7 

A 

NaHCO,,  15  grams  per  diem 

1300 

0,022 

7.56 

2.08 

8.1-8.3 

7 

NaHC0.,15graniB  per  diem 

1800 

0.045 

8,07 

0.98 

8,3+ 

ft 

NaHCOj,  15  grama  per  diem 

2300 

0.092 

8.00 

0,83 

8.3+ 

9 

Normal  diet 

1100 

0.048 

8.10 

4.16 

5.5-5.7 

10 

Normal  diet 

1250 

0.093 

9.63 

5.32 

5.5-5.7 

Subject: 

St. 

ini'^iioH 

QIIOTU, 

1 

Normal  diet 

1300 

0.068 

14.9 

247.0 

6-1 

2 

Normal  diet 

1065 

0.080 

10,4 

303.0 

5.9-6.1 

3 

Normal  diet 

1090 

0.050 

8.7 

236.2 

5.9-0.1 

4 

Normal  diet  plus  16  grams 

NaHCO, 

1275 

0.092 

11.7 

92,0 

8,0+ 

6 

Normal  diet 

1210 

0.234 

13.6 

133,1 

7,3 

0 

Normal  diet 

1315 

0.051 

17.4 

190.7 

6,7-6,9 

7 

Nonnal  diet 

1050 

0.070 

9-2 

393.7 

6,1-6.3 

8 

Normal  diet 

950 

0.152 

9.12 

479.5 

5,9-6,1 

S 

Normal  diet 

1200 

0.103 

8.08 

462.0 

5.8-6.1 

_      •Severe  diarrhea. 

t  The  urine  was  saturated  with  neutral  sodium  oxalate  and  then  titrated  n 
N/10  NaOH  to  the  neutral  point  with  phenol phthalein. 
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more  marked,  HsitiK  from  a  noimal  average  of  0.025  to  0.091  on  the 
third  alkali  day;  and  affain  the  increase  continued  for  at  least  two  days 
after  discontinuance  of  (he  alkali. 

The  obttervatioD  on  St.  was  conducted  in  a  somewhat  different  man- 
ner from  those  on  K.  and  Sh.  in  that  the  alkali  ( 15  grams  XaHCO,)  was 
given  on  one  day  only,  the  urine  being  collected  daily  for  one  week 
following.  On  the  alkali  day  a  slight  increase  in  the  lactic  acid  excretion 
occurred  and  on  the  following  a  very  decided  increase.  The  excretion 
then  fell  to  the  normal  for  this  individual  for  two  days  but  ro«e  un- 
accountably on  the  next  day,  when  it  was  accompanied  by  an  unusually 
high  titrable  acidity  but  by  no  change  in  P.  of  the  urine. 

In  all  three  observations  of  this  group  it  will  be  observed  that  the 
H-ion  concentration  of  the  urine,  the  ammonia  excretion  and  the 
titrable  acidity  indicate  that  on  the  alkali  daj-s  a  sufficient  amount  of 
alkali  had  been  absorbed  to  affect  the  acid-base  equilibrium  of  the 
organism. 

Taking  the  results  as  a  whole,  the  conclusion  which  we  may  draw  in 
much  the  same  as  that  in  the  case  of  the  observatioiu  on  catx,  nam4-ly, 
that  an  ether-soluble  substance,  liehaving  like  lactic  acid,  l>ecomes 
decidedly  increased  in  amount  in  the  urine  either  during  or  following  the 
administration  by  mouth  of  sufficient  alkali  to  disturb  the  acid-base 
equilibrium  of  the  l)ody. 

OBBEBVATION8  ON  STARVED  AND   FED   RABBITS 

These  wore  undertaken  in  order  to  see  whether  the  very  decide«I 
differences  whirb  must  exist  in  the  mechanism  of  acid-base  equilibrium 
in  well-fed  as  compared  with  starved  herbivorous  animals  would  cause 
any  change  in  (he  excretion  of  lactic  acid  by  the  urine.  Three  animals 
were  observed.  Foraperiodof  five  days  two  of  them  (rabbits  I  and  II) 
were  starve<l  (water  being  plac<-d  in  the  cages),  and  the  third  fed  with 
abundance  of  carrots.  For  a  further  period  of  four  days  the  previously 
star^'e<l  rabbits  (I  and  11)  were  abundantly  fe<l.  The  urine  was  allowed 
to  collect  in  liottles  containing  phosphoric  acid  placed  under  the  met al>- 
olisni  cages.  The  urine  that  collected  in  twenty-four  hours  was  then 
saturated  with  ammonium  sulphate,  extracte*!  with  ether,  and  lactic 
acid  delemiined  by  (he  usual  methixl.  Sinn-  the  animals  wen-  not 
cathcteriEi-^l,  the  daily  quantitii-s  of  urine  are  of  course  irregular,  but 
it  WAS  thought  that  if  the  frnx]  had  any  influence  »n  the  lactic  acid 
excretion  it  wimld  Ih-  quite  evident  without  such  pn-rautions.  It  was 
obs<-r\-e4l  that  a  very  large  amount  of  tN-mianganHte  hnd  to  l>e  addH  to 
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the  ether  extracts  before  any  pemiaiient  pink  tinge  developed  in  the 
oxidation  mixture.  The  amount  of  bisulphite  which  combined  with  the 
distillate  was  by  no  means  proportional  to  the  amount  of  permanga- 
nate used,  showing  clearly  that  the  ethereal  extract  of  rabbits'  urine 
contains  a  very  lar^  quantity  of  oxidizable  material  which  is  not  lactic 
acid. 

The  amounts  of  bisulphite^oombining  material  formed,  expressed  in 
tenns  of  N/20  solution,  were  fairly  constant  for  the  urines  of  starved 
rabbits.  This  is  shown  by  examination  of  the  following  figures,  in 
which  the  cubic  centimeter  of  N/20  bisulphite  combined  is  given  along 
with  the  cubic  centimeter  of  urine  extracted  (in  brackets). 

1.6  (43  cc),  1.1  (15  cc),  2.4  (20  cc),  1.6  (65  ec),  1.2  (30  cc),  0.9 
(65cc.),0.9(12cc.),0.6(6cc.). 


• 

TABLE* 

.«..„. 

■UBITII 

..«™m 

Dirt 

Uriu 

LMtit 

Diat 

Uri„ 

Lutio 

■aid 

D»t 

UriD« 

^iS' 

■V. 

Hf. 

n.«. 

Starved 

43 

3.3 

Starved 

15 

2.25 

Fed 

285 

9.0 

Starved 

20 

'4.9 

Starved 

55 

3.28 

Fed 

290 

22,0 

Starved 

30 

2.46 

Starved 

65 

1.9 

Fed 

370 

4.6 

Starved 

13 

.1.86 

Starved 

6 

1.23 

Fed 

162 

1.0 

Fed 

185 

10.76 

Fed 

ISO 

13.1 

Fed 

Fed 

100 

6.14 

10 

Fed 

150 

15,54 

Fed 

85 

6.14 

Fed 

96 

8.20 

For  the  fed  rabbits,  the  figures  were: 

2.2  (150  cc),  5.1  (150  cc),  0.9  (150  cc),  0.5  (152  cc),  4.0  (150  cc), 
6.4  (156  cc),  3.0  (100  cc),  7.6  (150  cc),  3.0  (85  cc). 

Some  of  this  material  may  have  been  derived  from  the  reagents,  but 
certainly  not  more  than  1  cc.  N/20  solution,  so  that  the  larger  amounts 
distilling  over  in  the  case  of  the  urines  from  fed  rabbits  must  evidently 
have  beeo  derived  from  something  in  the  urine  itself.  It  is  doubtful, 
however,  whether  this  is  lactic  acid.  In  any  case  the  high  titrations 
were  always  obtained  in  urines  which  had  been  excreted  in  large  volume, 
although  sometimes  the  volume  might  be  large  without  any  excess  of 
bisulphite-combining  material.  The  results  of  the  experiments,  calcu- 
lated in  milligrams  of  lactic  acid  excreted  in  the  24-hour  collections  of 
urine,  are  given  in  table  6. 
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Id  the  caws  of  rabbits  I  and  II  there  ia  oleariy  an  increaaed  excretion 
of  what  is  presumedly  lactic  acid  on  the  days  of  liberal  feeding  aa  oooo- 
parcd  with  those  of  starvation.  In  rabbit  III  the  reaidta  are  less 
evident.* 

Id  ordor  to  eliminate  the  ambiguity  occasioned  in  these  results  on 
aecounl  of  the  great  variations  in  the  amounts  of  urine  excreted,  another 
series  of  observations  was  undertaken  in  which  the  n^bits  were  all  fed 
an  abundance  of  green  food  (cabbage)  andalkali  (bicarbonate)  was  given 
on  certain  days  (by  sprinkling  bicarbonate  solution  over  it).  Although 
the  r^bitfi  partook  of  the  alkaline  food  and  the  urine  volumes  were 
approximately  constant  from  day  to  day,  there  was  no  demonstrablp 
difference  in  the  amount  of  lactic  acid  excreted. 

COKCLUSIONB 

Injection  of  alkali  causes  lactic  acid,  as  measured  by  the  von  Fikrth- 
Charnass  method,  to  appear  in  considerable  quantity  in  the  urine,  and 
this  may  occur  without  any  perceptible  change  in  the  hydrogen-ion 
conccnl  ration  of  the  blood. 

The  quantity  of  lactic  acid  recoverable  during  the  period  of  alkali 
injection  is  insuflirient  to  account  for  more  than  5  or  6  per  cent  of  the 
adminiHtered  alkali. 

When  the  alkali  is  given  in  one  dose  and  the  urine  collected  for  some 
hours  afterward,  the  proportion  of  lactic  acid  in  compariwm  with  the 
alkaU  administered  is  no  greater  than  during  continuous  alkali  admin- 
iittration.  The  excretion  of  lactic  arid  under  these  conditions  is,  how- 
ever, maintained  at  a  high  level. 

In  only  a  few  of  the  experiments  was  any  decided  diminution  in  respir- 
atory rate  ol>Berve(l  even  when  the  amounts  of  alkali  injected  were 
sufficient  to  lower  the  hydrogen-ion  concentration  of  the  blood  and 
urine  to  a  markeii  di-gree. 

Alkali  pven  by  stomach  in  sufficient  ainounlH  to  cause  a  disturbance 
in  the  aei<l-!ta«e  e()uilibrium  of  the  body  an  evidenced  by  changes  in 
P..  in  the  Nil)  excretion  and  in  the  titrable  acidity  of  the  urine,  enuw-s  a 
slight  increase  in  what  is  presumably  lactic  acid  in  the  latler  fluid. 
Thii*  result  was  obtaimMl  in  »l>!UT\-ations  made  on  two  cats  and  on  three 
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VARUTIONS  IN  IRRITABIUTY  OF  THE  REFLEX  ARC 
IV.  Vabiations  in  Flexion  and  CRoaSEO-EbcTENsioN  Thbssholds 

IN  ExPERnCENTAL  TrAUM&TIC  SHOCK,  WITH  ColNCtDENT 

Blood  PRESSuax  CiuNaES 
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From  Iht  Lahoralory  of  Pkytiology  of  the  VrtioertHj/  «/  Penruyhama 

Received  for  publication  AufUit  0,  1911 

Dimmished  reflexes,  torpor  and  lessened  sensibility  to  paio  have  for 
long  been  included  ss  sjrmptoms  in  typical  cases  of  shock.'  Just  what 
part  the  lessened  activity  of  the  nervous  system  plays  in  producing  the 
completed  picture  of  shock  is  not  yet  clear.  That  it  is  coincident  with 
other  symptoms  which  are  of  serious  import  is  beyond  doubt.  Sir 
Astley  Cooper,  quoted  by  Mansetl-Moulin,'  noted  that  the  moment  of 
traositioD  from  intense  agony  to  perfect  ease  had  been  known  to  prove 
fatal.  That  diminished  activity  of  the  nervous  s^'stem  can  be  pro- 
duced in  experimental  shock  is  well  known  to  all  investigators  in  this 
field.  Janeway  and  Ewing,'  with  dogs,  are  able  after  sufficient  intes- 
tinal manipulation  to  dispense  with  the  anaesthetic.  MeltEer*  reports 
loss  of  skin  sensitivity  in  rabbits  when  the  intestines  are  handled  out- 
side the  body  cavity.  Hendrnion,  Prince,  and  Haggard /produce  shock 
by  intestinal  manipulation,  and  as  one  of  the  criteria  of  its  presence 
cite  "lessened  reflex  activity."  The  phenomenon  is  not  confined  to 
mammals.  In  (loltz's*  clawical  "Klopfvereuch,"  after  the  frog's 
ab<lomen  has  been  struck  strongly  and  repeatedly,  the  animal  paasea 
into  a  "seemingly  dead,  ntupefied  condition."  Recovery  promptly 
ensuett  on  rcKHation  of  the  beating. 

■  <'«ni|>ar(>  FiRrhrr'H  oft-qiiolrd  drnrriplion:  Sammlunft  KliniiiFhpr  VortM|te, 
10  (Chirurittr.  SJ  1870,09. 

'  .MBnM-11-.Moullin:  Intrrnalionnl  i-n<-yrlii|>odiB  ot  mirir-ry,  N.  Y..1  Htl,  i,  357. 
'  Janfwny  and  F:win|i:  Ann.  SiirR  .  lUU,  lix,  l.'M 

•  Mrllu-r:  Arrh.  lot.  Mfd..  IWW.  i.  571. 

•  Hrndrrwin.  PHnrr  and  HnfiRBrd:  J<i>irn.  .\mcr.  .Mrd.  Aii«ir.,  1917,  Ixii,  OSS. 

•  (iolti:  Arrh.  f.  Anat.  u.  Phy«..  IMkl,  xxvi.  1. 
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Interest  in  shock  at  present  is  largely  centered  in  the  redistribution 
of  blood,'  with  all  the  disastrous  consequences  of  that  phenomenon. 
This  feature  is  doubtless  moat  in  immediate  need  of  comprehension  and 
control.  It  should  not  be  forgotten,  however,  that  serious  as  the  shock 
effects  resulting  from  a  loss  of  blood  from  the  circulation  may  be,  there 
exists  aJso  a  group  of  primary  shock  symptoms  which  "may  come  on 
so  soon  after  injury  as  to  be  accounted  for  only  as  the  result  of  nerv- 
ous action,"*  These  symptoms  have  been  described  only  from  obser- 
vation on  the  human  patient  and  on  animals  with  the  central  nervous 
system  intact,  so  far  as  I  am  aware.  In  this  paper  I  shall  report  obser- 
vationa  on  some  primary  shock  phenomena,  as  they  appear  in  an  ani- 
mal deprived  of  the  brain.  The  investigation  followed  two  lines: 
a,  quantitative  measurement  of  the  increase  in  thresholds  of  the  flexion 
and  crossed-extension  reflexes,  which  results  from  the  trauma  of  intes- 
tinal manipulation;  and  b,  a  study  of  the  coincident  blood  pressure 
changes  and  their  relation  to  the  high  reflex  thresholds.  The  cat  was 
used,  made  spinal  and  prepared  for  a  study  of  the  reflexes  by  methods 
described  in  a  previous  paper.*  Often,  in  addition  to  pithing  the  brain, 
the  cord  has  been  either  pithed  or  transected,  usually  not  lower  than 
the  first  dorsal  vertebra,  sometimes  as  low  as  the  sixth  thoracic.  In 
neither  case  are  the  sensory  pathways  from  abdomen  to  cord  inter- 
fered with.'**  This  was  done  to  eliminate  the  scratch  reflex.  In  some 
spinal  cats  this  reflex  is  very  troublesome  and  if  not  prevented  renders 
study  of  the  flexion  and  crossed-extension  reflexes  impossible.  The  most 
certain  preventive  measure  I  have  found  has  been  to  pith  a  greater  or 
lees  extent  of  the  cord  or  to  transect  it.  This  operates,  presumably, 
by  cutting  the  reflex  arc  between  the  "receptive  field""  and  the  hind- 
legs.  The  flexion  reflex  was  obtained  from  the  tibialis  anticus  muscle 
by  stimulation  of  the  posterior  tibial  nerve  with  single  break  induction 
shocks.  Crossed-extension  was  elicited  by  stimulation  of  the  same 
□erve  in  the  same  way.    The  modified  Lucas  liquid  electrode,  described 

^  CannOD,  Cowell,  Fraser  and  Hooper;  Report  no.  2,  Special  Investigation 
Committee,  Medical  Reaearch  Committee,  (Great  Britain).  Journ.  Amer.  Med. 
Assoc,  1918,  Ixx,  520  and  607. 

'Cannon:  Journ.  Amer.  Med.  Assoc,  1918,  Ixx,  611. 

•Porter:  This  Journal.  1912,  xxxi,  141. 

"Quain:  Elements  of  anatomy,  New  York,  1909,  iii,  139. 

"Sherrington:  The  integrative  action  of  the  nervous  system.  New  Haven, 
1906,  46. 
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elsewhere,"  was  used  for  BtimidatioD.  The  threshold  for  flexion  was 
always  determined  from  a  record  on  the  drum.  The  movement  ob- 
served in  croesed-extension  varied  in  different  experiments.  Some- 
times the  leg  was  held  suspended  by  strinnis  and  movement  of  the 
entire  1^  observed;  or  the  femur  was  immobilised  by  a  clamp  which 
gripped  it  near  the  knee,  or  by  a  pin  passing  through  a  drill  hole  in  it, 
and  extension  at  knee  only  observed.  Sometimes  the  patellar  tendon 
was  cut  and  the  quadriceps  group  of  muscles  caused  to  write  its  record 
on  the  drum.  The  threshold  for  crossed-extension  can  seldom  be 
determined  by  any  method  with  as  high  dqn'ee  of  accuracy  as  that  of 
flexion.  It  fatigues  more  easily  and  vanes  more  from  moment  to 
moment.**  The  changee  in  threshold  produced  by  intratinal  manip- 
ulation were  no  grofe,  however,  as  to  quite  overshadow  inaccuracias  of 
threshold  determination.  The  induction  coil  used  waa  calibrated 
according  to  \fartin'8  method,"  and  the  thresholds  stated  in  ZMUiits. 
Hirvshold  determinations  were  made  as  often  as  once  a  minute  at 
important  points  in  an  experiment;  at  other  times  at  varying  intervals 
as  conditions  demanded.  The  trauma  instituted  was  the  one  used 
commonly  in  producing  experimental  shock,  namely,  withdrawing  the 
intestines  from  the  abdominal  cavity  and  manipulating  them  with  the 
fingers.  '  Sometimes,  as  a  severer  measure,  they  were  struck  with  the 
handle  of  a  seeker.  In  many  experiments  a  simultaneous  blood  pren- 
sure  record  was  obtained  by  a  HUrthle  membrane  manometer  con- 
nected  with  the  carotid  artery.  The  reflex  threshold  was  umially 
foUowcit  for  half  an  hour  or  more  before  manipulation  was  begun  to 
obtain  a  basis  of  comparison,  should  any  change  occur. 

The  outstanding  features  in  the  resulta  of  the  investigation  are  as 
follows : 

1.  The  flexion  reflex  threshold  may  be  rait«od  by  intentinat  manip- 
ulation.    (Experiment  of  July  10,  1917,  and  fig.  I). 

"  porter:  Thia  Joiirnftl,  1017,  xliii.  497.  Thii  elprlrode  I  have  round  uofMl- 
tDnly  nalufaclory.  In  do  pxiwrunral  id  the  nories  o(  over  Ihirly  has  there  bpea 
mure  than  nuiiuentiiry  iliHirullyal  the  [tolDt  of  BtimulatioD,  and  the  electrode 
ha*  liecn  in  plare  in  Rimir  innlnnren  lix  and  Koven  hour*.  1  now  uae  a  itlaM  tube 
lU  mm.  lonft.  S  mm.  iiiiliide  dinmi-ter,  3  mm.  lH>re,  narrowed  ID  the  middle  by  ft 
very  nli'irt  mniitrirliiin  whirli  ri'iliircii  ihi'txire  to  1.5  mm.  Other  aiieii  are  needed 
fur  very  larRe  or  very  iiniali  rat*.  Thin  form  of  liilx-  is  leu  liliely  to  miult  in 
ron>|>rrMiiuD  al  llie  iminl  wbi-rr  tin-  Derve  leaven  it. 

»  Martin:  Tli.'  m.-ioiir.Mi.nl  of  ni.liirtj.>i>  -horL.,  N.w  York,  1U12. 


Digitized  by  VjOOQIC 


NEBVOU8  RXFUaaS  IN  TBACMATIC   SHOCK  211 


Fig.  1.  Increaoe  io  the  threshold  stimulus  for  the  8exion  reflex  in  the  spin&l 
cftt  from  manipulation  of  the  intestines.  Momentary  rise  in  blood  pressure  from 
the  same  cauae.  Increase  in  threahold  is  apparent  in  the  first  reading  after 
manipulation  started.  Recovery  ia  prompt,  eventually  complete,  and  occurs 
with  a  lower  blood  pressure  than  before  manipulation.  Ordinates,  units  of 
stimulation  and  mm.  Hg.;  abscissae,  time. 

ExperimetU  of  July  iO,  1917.    Mtdivm  tiled  rnaU  cat.    Brain  pilhed;  cord  itttact 
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Manipulation  twice  raised  the  threshold  from  a  general  level  of 
about  14  Z-units  to  maxima  of  20  and  21  Z-unit«.  An  appreciation  of 
the  amount  of  this  increase  is  best  obtained  from  the  plotted  curve 
(fig.  1).  The  curve  shows  marked  and  unmistakable  elevations  as  a 
result  of  the  manipulations.  The  total  increase  in  threshold  is  six  or 
seven  times  the  maximum  changes  occurring  before  manipulation 
commenced. 

2.  The  threshold  b^ins  to  rise  usually  very  promptly,  a  higher 
level  often  showing  within  one  minute  or  less  after  manipulation  has 
begun.     This  appears  in  figures  1,  2  and  5.     The  maximum  threshold 
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values,  however,  are  often  not  obtained  until  manipulation  has  pro- 
ceeded for  several  minutes,  as  in  the  experiments  of  figures  1  and  2. 
Figure  5  shows  an  exception.  Here  in  both  cases  of  numipulation  the 
thresholds  were  higher  at  the  first  reading,  one  minute  after  manipu- 
lation started,  than  they  were  at  any  time  later. 

3.  Upon  cessation  of  the  manipulation  there  is  commonly  a  prompt 
and  more  or  less  complete  return  to  the  original  threshold  (figs.  1  and 
5).  In  the  second  half  of  the  experiment  shown  in  figure  1  the  recovery 
was  complete  in  eight  minutes.     It  is  seldom  any  quicker. 

4.  Recovery  fnmi  the  manipulation  may  be  long  delayed,  as  in  the 
experiment  of  June  15,  1918  (fig.  2). 


■^h'^-'^K- 


Fir.  2.  Inrrraap  in  lh«  thrMhold  atimulua  for  the  flrxion  reflex  in  the  Rpuikl 
cat  (ram  iiiaiiipuUtion  of  tbe  int^Btiaea.  Nearly  complete  recovery  of  thmhold, 
but  after  loog  delay,  oa  compared  with  the  recovery  shown  in  figure  1.  Ordi- 
nairti.  UDita  of  alirautation;  abaciaaoe,  time. 
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Here  it   war  an  hour  and  twenty  iiiinut<-H  after  the  manipulation 
^fax-d  hfloiv  it  again  n'ui-h«Ht  a  low  IovpI,  whirh  it  h«-ld  st(«dily.     It 
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maintained  this  level  for  fifty  minutes-  This  is  not  a  complete 
recovery,  the  threshold  being  some  four  units  above  that  obtaining 
before  manipulation.  A  rise  of  that  amount  in  the  same  period  of 
time  without  manipulation  would  not  be  expected." 

5.  The  attempt  to  raise  the  flexion  threshold  by  intestinal  manipu- 
latiOD  often  fails.  Eleven  out  of  twenty-four  of  my  animals  failed  to 
show  any  change  which  could  be  attributed  to  the  manipulation.  In 
the  following  experiment  (June  4,  1918;  fig.  3),  although  manipulation 
was  continued  for  an  hour,  not  only  was  there  no  rise  in  threshold  but 
the  lowest  readings  of  the  entire  experiment  occurred  while  manipula- 
tion waa  in  progress. 
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Fig.  3.  Failure  of  the  threshold  atimulus  of  the  flexioD  reflex  id  the  spinal  cat 
to  be  altered  by  inteBtinal  manipulation  tasting  over  an  hour.  Ordinates,  units 
of  stimulation;  abaciasae,  time. 

Experimtnt  of  June  i,  I9!8.    Large  male  cat,  mxich  emaciated.    Brain  pithed;  cord 
cut  at  firit  doTtai  vertebra 
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6.  The  rise  in  threshold  is  not  due  to  a  suddenly  developed  low 
blood  pressure.  Low  blood  pressure  suggests  itself  naturally  as  a 
possible  cause  of  high  reflex  threshold  if  one  follows  the  analogy  of 
unconsciousness  from  low  blood  pressure  in  syncope.  But  it  is  not 
the  explanation  here.  On  the  contrary  I  have  always  found  a  rise  in 
blood  pressure  at  the  moment  intestinal  manipulation  begins,  so  that 


'*  Port«r:  Iioc.  cit. 
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rise  in  blood  pressure  and  rue  in  reflex  threahotd  often  coincide.  This 
ifl  very  clearly  the  case  in  the  experiment  of  July  10,  1917  (fig.  1).  of 
which  the  protocol  has  already  been  given  (p.  211).  Here  tiie  rise,  in 
nulUmetera  of  mereury,  is  from  80  to  90  and  from  66  to  70,  for  the  two 
manipulations.  In  other  experiments,  and  always  at  the  moment 
manipulation  commenced,  changes  such  as  these  have  been  observed: 
50  to  100,  70  to  120, 30  to  60, 90  to  160,  and  so  on.  Figure  4  shows  me 
of  the  blood  pressure  records  secured  during  a  manipulation.  Blood 
pressure  is  not  maintained  at  the  new  level  but  sinks  promptly,  often 
to  a  lower  level,  and  then  gradually  diminishes  during  the  remaindv 


FiK.  A.  MomeDtary  risr  in  blood  prc-Murv  (from  50  to  ISO  mm.  11%.)  mt  Ihp 
hritinninfE  of  inlntliD*!  manipuUiioD  in  ihe  apinal  rat.  (Hllrlhln  mFmhruie 
inanomrirr;  rdibratioo  at  lefil,  Abdomrn  opened  at  3.1-').  InlcstinsI  manip- 
ulation iodieatH  by  the  heavy  irhile  line. 

of  the  experiment.  (Soe  figs,  1  and  6.)  When,  therefore,  there  in  a 
recover)-  of  reflex  thro«liold,  it  occur*  with  a  blood  prwwiiro  lower  than 
at  any  pn'vious  (inio  in  the  oxi>orinipnl.  For  example,  in  the  oxpcri- 
nicntuf  July  10.  1917  (p.  211)  at  .').47  the  n-llcx  ihrr^hoM  wiia  12.8  and 
bItKMl  pn'rwiire  30  nmi.  Hg.  Whvn  the  <'X|>oritiicnl  stnrt«l,  al  2.14, 
TvtWx  ihn-sh<>)<l  vius  13.!»  and  bliMKi  pr.-s.sure  SO  mm.  Hr.  Clearly 
K<-iii-nil  IiUxkI  p^^■^f^m'  ix  rmt  coiim'itfd  with  the  n-IIi-x  cliniifcCH. 

7.  Till"  tlin'-lmld  <if  tin*  rr<>!v4'il-«'Xli'H!'ii>n  n-Hrx  may  1«'  niifw^l  hy 
inti-stiniil  ninnjpiiliilioti.     iKx[MTtriii-til  nf  May  21.  HHK  and  fig.  R.) 
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Fig.  5.  Increaee  in  the  thresholds  of  both  flexioD  and  crosaed-extcnsioa  re- 
flexes ID  the  spioal  cat  following  iDtestioal  maoipulation.  Highest  thresholds 
for  flexioD  reached  immedUtely  after  manipulatign  began  (Cf.  fip.  1  and  2). 
Disappearance  of  crosaed-«xteiudon  after  the  second  manipulation.  Ordinatea, 
unilA  of  stimulation;  abaciasae,  time. 

ExptrimetU  of  May  II,  1918.  Sniati  fentaU  cat.  Brain  pithed,  and  cord  cut  at 
firtt  dortal  vertebra.  Crotied-txteruion  observed  from  mopement  at  kttee,  femur 
held  in  elamp. 
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The  firet  manipulation  raised  the  threshold  to  491  from  a  genpral 
IpvpI  of  k«8  than  100,  and  the  second  threw  rroBsed-extenfiioti  out  of 
action  entirely.  Obviously  the  effect  of  manipulation  on  cruotu-d- 
extension  is  relatively  much  greater  than  on  flexion.  In  a  few  of  my 
aniroalft  croased-extennion  cotild  not  be  elicited  Ity  single  Khockn.  Id 
others  it  disappeared  before  manipulation  commenced.  In  fitill  olheni 
it  disappeared  during  or  followinn  manipulation,  hut  whether  spon- 
taneously or  as  a  result  of  the  trauma  could  not  be  told  with  certainty 
in  all  eases.  In  nine  out  of  the  sixteen  coses,  however,  in  which  s 
study  of  crossed-extensioD  was  attempted,  the  reflex  wn»>  present  and 
could  be  followed  l>oth  before  and  after  manipulation. 

8.  As  in  the  case  of  flexion,  the  return  of  the  cn>s.'(ed-extension 
threshold  to  approximately  the  orif^nal  value  may  l>c  prompt  or  de- 
laycd.  It  returned  in  lem  than  one-half  hour  in  the  experiment  shown 
in  figure  7;  only  after  an  hour  and  a  quarter  in  the  experiment  of  fifture 
6.  In  figure  5  the  reflex  had  returned  to  its  original  threi4)old  after 
the  first  manipulation,  but  was  unable  to  withstand  the  second.  Flex- 
ion, however,  recovered  from  the  second  as  well  or  better  than  from 
the  first.  Uolts"  reports  that  the  production  of  the  "seemingly  tiead" 
condition  in  his  frogs,  from  blows  on  the  abdomen,  succeeded  better 
after  several  repetitions  of  the  experiment  on  the  same  animal. 

9.  I  have  never  found  it  possible  to  cause  the  complete  disappear- 
ance of  the  flexion  reflex  by  intestinal  manipulation.  I(  is  frequently 
possible  to  do  thin  in  the  case  of  cronstyl-extension  with  complete  recov- 
ery later.  (Figs.  6  and  7.)  It  may  however,  require  long  protracted 
manipulation  to  bring  this  about.  In  the  experiment  shown  in  figure 
6  manipulation  had  continued  for  twenty  minutCH,  and  although  the 
threshold  was  high  it  was  still  readable.  Four  minutes  after  manipu- 
lation had  eeaned  crossed-extension  was  lost  and  did  not  reappear  for 
twenty  minutes.  In  a  little  over  an  hour  recovery  of  the  original 
thnitliold  was  complete.  By  disappearance  of  the  reflex  I  mean  that 
there  was  no  response  when  the  secondary  was  completely  superpoeed 
over  the  primary,  giving  a  stimulation  of  1200  Z-unitx.  Stronger 
stimulation  is  impractical  on  account  of  the  violent  and  confusing 
flexion  reM[M>nBe  which  enxues.  The  croKied -ex tension  threshold 
started  in  this  exjM'riment  <lig.  i\),  with  the  secomlar>'  coil  5  em. 
from  the  priinar>-,  or  20  em.  fn)m  complete  superpvMition.  The  highest 
thn-!<hold  to  which  I  have  i-ver  forced  flexion  as  a  n-Kult  of  manipula- 
tion, is  40  unitf*  fn>m  an  initial  threshold  of  12  unitx. 

••<i«lti;  Lor.  rit. 
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Fig.  6.  Increase  in  threshold  of  the  crosaed-extenaion  reflex  in  the  spinal  cat 
from  manipulation  of  the  intestines.  No  effect  on  flexion  threshold.  Complete 
loas  of  the  reflex  after  manipulation  ceaaed.  Return  after  twenty  minutes. 
Recovery  of  original  threshold  one  hour  later.  Brief  pronounced  rise  in  blood 
pressure  as  manipulation  began.  Ordinates,  units  of  stimulation  and  ram.  Hg. ; 
abscissae,  time. 
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Fig.  7.  Loss  of  crossed-extension  reflex  after  ten  minutes  of  intestinal  manip- 
ulatioD.  Return  within  three  minutes  after  manipulation  ceased  and  recovery  of 
original  threshold  twenty-five  minutes  later.  (Compare  the  alow  recovery  in 
fig.  6.)    No  effect  on  flexion  threshold.    Ordinates,  units  of  stimulation;  abscis- 
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It  IB  evident  that  the  cord,  independently  of  the  brain,  hfls  its  reflex 
mechanisnis  eerioiuly  disturbed  during  intestinal  maniiAilation.  The 
mechanism  of  this  alteration  is  obscure.  It  may  be  that  it  should  be 
classed  aa  inhibition.  If  filter  paper  dipped  in  acid  be  placed  on  the 
frog's  abdomen  and  one  sciatic  nerve  strongly  stimulated  the  foot  on 
the  opposite  aide  is  inhibited  from  removing  the  acid.  Or  if  a  sensory 
oerve  causing  reflex  flexion  be  stimulated,  the  motor  neurons  causing 
extension  are  inhibited  from  action.  But  such  inhibitions  are  tran- 
sient; they  do  not  long  outlast  the  stimuhis  which  first  arobsed  them. 
An  impairment  of  reflex  activity  lasting  more  than  an  hour  after 
manipulatioD  ceased,  as  in  the  case  of  oro6sed-«xtension  in  figure  6, 
may  well  belong  in  a  different  category.  It  seems  to  the  writer  that 
the  hypothesis  of  a  vaaooonstriotion  within  the  cord  should  be  tested. 
Such  a  vasoconstriotion,  with  anemia,  and  resultant  injury  to  cord 
cells  would  go  far  toward  explaining  many  of  the  phenomena  described 
in  this  paper. 

Flexion  and  oroMed-extenaion  are  elicited  by  nocuous  stimuli,  which, 
in  the  intact  animal,  would  result  in  pain.  When,  as  in  the  experiment 
of  figure  1,  it  takes  20  Z-unita  to  elicit  the  reflex  during  the  manipula- 
tion, as  compared  with  13  units  before  manipulation,  it  is  probable  that 
13  units  would  no  longer  arouse  the  same  amount  of  pain  in  a  conscious 
animal.  The  results  I  have  desoribed,  therefore,  may  with  some 
probabihty  be  regarded  as  indicating  the  changes  which  would  be 
observed  in  the  threshold  d  pain  in  the  conscious  animal  during  ab- 
dominal trauma,  if  neh  dianges  were  measurable. 


Manipulation  of  the  intestines  in  the  spinal  cat  resulted  in  raising 
the  threshold  of  the  eroassd-extension  redex  in  all  cases,  and  of  the 
flexion  reflex  in  rou^ily  60  per  cent  of  the  animals  experimented  upon. 
Increase  in  threshold  may  be  evident  lees  than  a  minute  after  manipu- 
lation has  commenced.  Recovery  may  be  complete  or  incomplete, 
prompt  or  delayed.  It  is  more  likely  to  be  prompt  and  complete  in 
the  case  of  flexion  than  of  crosspd-extenaion.  The  flexion  reflex  is 
never  completely  lost  as  a  result  of  the  manipulation,  craased-extensioa 
often  is.  A  case  is  described  in  which  this  did  not  occur  until  some 
minutes  after  the  manipulation  had  ceased. 

The  changes  in  reflex  threshold  are  not  dependent  on  a  decrease  in 
blood  pressure;  on  the  contrary,  the  blood  pressure  risrs  momsntarily 
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as  manipulation  starts,  and  this  may  coincide  with  the  rise  in  reflex 
threshold.  After  the  momentary  rise  the  blood  pressure  decreases 
steadily,  as  the  experiment  proceeds,  and  the  original  refiex  threshold 
may  be  recovered  under  a  lower  blood  pressure  than  existed  before  the 
manipulation. 

The  suggestion  is  made,  that  if  pain  in  the  conecious  animal  could  be 
measured  during  intestinal  manipulation,  it  is  probable  that  its  threah- 
old  would  show  alterations  roughly  paralleling  those  of  the  reflex 
thresholds  described  in  this  paper. 
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DSaCRlPTlON    or   THE   VIBCOSHfETER 

If  different  fluids  are  permitted  to  traverse  a  capillary  tube  under  a 
certain  pressure,  it  will  be  found  that  the  quantities  collected  witbio  a 
given  period  of  time,  vary  considerably.  In  explanation  of  this  pht- 
nomenon  it  is  generally  stated  that  liquids  possess  a  different  internal 
friction.  Thus,  it  distilled  water  and  blood  are  employed,  it  will  be 
found  that  the  former  traverses  the  capillary  with  much  ||;reater  ease 
for  the  obvious  reason  that  it  contains  no  formed  elements  nor  other 
material  in  suspension  or  solution.  But  inasmuch  as  distilled  water 
presents  the  same  differences  when  subjected  to  changes  in  tempei^ 
ture,  it  is  evident  that  these  quantitative  differences  are  not  the  only 
cause  of  this  phenomenon.  Another  factor  to  be  considered  in  this 
connection  is  the  viscosity  of  the  liquid  which  originates  in  certain 
qualitative  peculiarities  of  its  molecular  constituents.  It  is  conceiv- 
able that  the  individual  molecules  suffer  definite  physical  changes 
which  lead  to  alterations  in  their  adhesion  and  cohesion,  and  in  turn 
give  rise  to  variations  in  the  flow  of  the  liquid.  If  its  relative  amounts 
of  water  and  solids  are  taken  into  account,  a  fluid  is  usually  charac- 
terized as  "thick"  or  "thin,"  while  if  the  chararter  of  its  flow  alone  is 
considered  it  is  said  to  be  either  sticky  or  not  sticky.  Owing  to  the 
very  obvious  difliculties  which  any  separation  of  these  two  factors 
must  neoewarily  entail  the  term  vinctwity  is  usually  regarded  as 
synonymous  with  internal  friction,  i.e.,  it  is  conHidere<l  aj<  embracing  the 
quantitative  as  well  as  the  qualitative  peculiarities  of  a  liquid. 

In  seeking  an  exprcwion  for  the  viwottily  of  liquids,  reference  should 
be  nia<]e  to  the  law  of  PoiM>uille  (1)  in  acconlance  with  which  the  out- 
flow  from  a  capillarj-  tul)e  in  determined  by  the  formula: 
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<J,  the  quantity  collected,  is  directly  proportional  to  the  fourth  power 
of  the  diameter  of  the  tube  and  to  the  height  of  the  pressure,  and  in- 
directly proportional  to  the  length  of  the  tube.  From  these  factors 
the  coefficient  of  the  viscosity  may  be  calculated  as  follovra : 

The  viscosimeter  which  has  been  made  use  of  by  Burton-Opitz  (2) 
in  determining  the  viscosity  of  different  body-fiuids  such  as  the  blood, 
lymph  and  saliva,  consists  of  a  capillary  tube  through  which  the  liquid 
to  be  tested  is  driven  under  a  definite  pressure  and  in  a  given  period  of 
time.  The  capillary,  C,  is  adjusted  horizontally  in  a  receptacle  filled 
with  water.  The  temperature  of  the  latter  is  retained  at  37°C.  by  a 
flame,  F,  placed  underneath  the  floor  of  this  receptacle.  The  liquid  to 
be  tested  is  contained  in  tube  R,  the  caliber  of  which  may  be  varied 
in  accordance  with  the  quantity  at  hand.  Its  size,  however,  need  not 
be  large,  because  these  detenninations  may  be  completed  with  less 
than  2  cc.  of  liquid.  The  end  of  tube  R  is  connected  with  a  pressure 
bottle,  P,  the  pressure  existing  in  this  entire  system  being  recorded  by 
a  mon<uneter,  M,  upon  a  slowly  revolving  kymograph,  Ki. 

The  free  end  of  the  capillary  tube  is  placed  against  a  triangular  glass 
slide  which  moves  transversely  across  its  lumen.  In  this'  way  the 
liquid  escaping  from  it  may  be  diverted  into  the  weighing  glass,  W, 
directly  underneath  it.  A  sufficient  quantity  having  been  obtained, 
the  lever,  S,  is  moved  sideways.  This  brings  a  second  glass  slide  in 
front  of  the  capillary  lumen  which  is  intended  to  divert  the  liquid  into 
an  indifferent  receptacle.  This  arrangement  enables  us  to  begin  and 
to  cease  the  collection  almost  instantaneously. 

The  movements  of  the  lever,  S,  are  recorded  upon  kjonograph, 
Ki,  underneath  the  pressure,  as  well  aa  upon  a  second  kymograph 
Kt  underneath  the  record  of  a  Jaquet  chronograph.  The  latter  must 
revolve  with  a  speed  sufficient  to  allow  hundredths  of  seconds  to  be 
registered.  It  will  be  seen  that  these  lateral  deviations  of  the  lever  are 
communicated  to  an  ordinary  tambour,  D,  arranged  vertically  in  front 
of  the  contact  arm,  H,  and  then  by  air  transmission  to  tamboursad- 
justed  upon  the  kymographs  Ki  and  X,. 

This  arrangement  permits  of  the  determination  of  the  quantity  of 
the  liquid  which  traverses  the  capillary  in  a  given  period  of  time  and 
under  a  definite  pressure.  In  addition  we  know  the  length  and  the 
internal   diameter   of  the  capillary  and  need' only  determine,  as  the 
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Bixth  factor,  the  epecific  gravity  of  the  liquid.  This  last  determination 
is  made  with  small  pycnometera  either  before  or  after  the  calibration 
of  the  flow.  The  coefficient  of  the  viscosity  obtained  with  the  help  of 
these  six  factors  is  then  compared  with  the  coefficient  of  the  viscosity 
of  distilled  water  at  37°C.  which,  in  accordance  with  the  calculations  of 
Poiseuille  possesses  the  value  of  4700.  This  figure  is  regarded  as  the 
standard,  so  that  the  viscosity  of  any  other  liquid  may  be  expressed 
in  terms  of  multiples  thereof.  Thus,  if  the  coefficient  of  the  circulat- 
ing blood  of  the  d(%  is  950,  its  viscosity  is  about  five  times  aa  great  as 
that  of  distilled  water  at  37°C.  Consequently,  the  viscosity  is  in- 
versely proportional  to  the  coefficient. 

THE   VISCOSITT   OV   UBIKB 

The  values  pertaining  to  the  viscosity  of  normal  urine  are  compiled 
in  table  1.  These  fourteen  different  samples  were  obtained  from 
adults  upon  arising  in  the  morning.  It  will  be  seen  that  the  coefficients 
vary  between  3993  and  3239  and  that  their  average  value  is  3823. 
Hence,  the  conclusion  may  be  drawn  that  normal  mine  ia  1.2  times  as 
viscous  as  distilled  water  at  37°C.  In  this  connection  brief  reference 
may  also  be  made  to  the  fact  that  this  relationship  in  the  case  of  the 
circulating  blood  of  the  d<%iB  aa  1:5.0,  in  the  caseof  Ijrmpb  as  1: 1.5, 
in  the  case  of  sahva  as  1 :1.4  and  in  the  case  of  bile  as  1 :1.8. 

The  aforesaid  value  corresponds  to  as  average  specific  gravity  of 
1.0233  derived  from  values  varying  between  1.0165  and  1.0369.  In 
view  of  the  rather  limited  fluctuation  of  the  viscosity,  it  seems  that 
this  factor  serves  aa  an  even  more  reliable  means  of  judging  die  char- 
acter of  urine  than  the  specific  gravity. 

The  eight  determinations  contamed  in  table  2  pertain  to  the  via- 
coeity  of  the  urine  of  normal  children  between  the  a^ea  of  four  and 
five.  In  each  case  the  sample  was  collected  in  the  morning.  These 
coefficients  show  valura  ranging  between  4236  and  4029  and  have 
given  the  average  value  of  4146.  This  implies  that  the  urine  of  normal 
children  of  this  age  is  only  1.1  aa  viscous  as  distilled  water  at  37°C. 
The  specific  gravity  of  these  urines  varies  between  1.0040  and  1.0163; 
its  average  value  is  1.0086. 

When  exposed  to  a  lower  temperature  urine  becomes  more  viscous, 
this  change  being  effected  more  rapidly  at  hi^er  temperatures  than  at 
lower.  Consequently  urine  behaves  like  water  and  crystalloid  solu- 
tions. This  is  clearly  shown  by  the  three  experiments  compiled  in 
table  3.     TTie  differences  here  recorded  for  urine  at  37°  and  5''C. 
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TABLBt 

Tht  vitcotilg  of  normoJ  urtnt 


vsktiwrt        mil 


'{1:: 


,ri.. 


../; 


,]'!■■ 


1.0165 
1.0165 


I.OIOB 
I.OIOB 


1  0277 
1  0277 


1-01R5 
1  0185 


1.0300 
1  0900 


1.02n0 
1  O300 


1  02S5 
I    1  02U 


1  vxa 

1.0202 


"}}..._ 


3.3138 
3  5619 


3.5002 
3.3301 


3  24R1 
3  7613 


45.16 
81.16 


l«T.4 
lOS.O 


I7S.1 

176.1 


saos.o 

3210.0 


3SH.9 
1810.  • 


3790.4 
3807.8 


3014.7 
3787.8 


8073.6 
SHI  • 

38*0. 1 


3833.8 
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TABLE* 
The  visconty  of  urine  of  children 

Nini>u 

I'^l^l^ 

QOAimn 

™« 

«-„. 

incowTi 

OlIHT 

■  0:::::::: 

.{5:;:::::: 
<(;;::::;;: 
.{I;::::::: 
.{I::::;:;: 
'{5::::;::: 

1.0De4 
1.0064 

1.0040 
l.OMO 

1.0103 
1.0103 

1.0081 
1.0081 

l.OOSS 
1.0068 

1.0098 
1.0008 

1.0073 
1.0073 

1.0163 
1.0163 

3.1416 
2.6453 

4.1286 
3.0782 

3.7820 
2.6336 

2.7531 
2.5400 

3.3268 
2.6418 

3.3525 
2.7916 

3.6858 
2.8000 

3.2724 
1.7743 

64.80 
47.62 

71.20 
53.63 

66.60 
47.81 

50.10 
46.05 

60.70 
47.81 

60.60 
6181 

64.20 
52,81 

61.88 
53.50 

««.H«. 

140.6 
137.4 

140  2 
138. 3 

138.5 
135.4 

132.8 
129.3 

138.5 
137.3 

136.7 
132.3 

136.4 
133.4 

133.9 
130.0 

4158.3 
4142.4 

4226.0 
4242.5 

4165.0 
4124.3 

4212.6 
4261.0 

4033.7 
4102.4 

4120. 3 
4139.7 

4172.0 
4179.6 

4006.5 
4052.1 

[     16.9 
1      16.6 
}     40.7 
1     48.4 
1     68.7 
1     19.4 
1       7.6 
1     45.6 

4160.3 
4234.2 
4144.6 
4236.8 
4068.0 
4130.0 
4175.8 
4029.3 

Average. 

1.0086 

4146.1 

The 

ntcoeitj/  o 

TABLE  t 

mono 

«Dumn 

™.. 

,„... 

CUMTOT 

fAt    5'C 

1.0242 
1.0217 
1.0161 

1.0304 
1.0280 
1.0238 

1.0324 
1.0263 
1.0261 

2.0454 
3.23SS 
4.340T 

2.5113 
3.0732 
3.8681 

1.7630 
1.8628 
3.2311 

72.25 
73.86 
73.82 

81.31 
72.34 
60.35 

58.12 
57.71 
61.74 

mn.Hc 

114.4 

153. 1 
146.8 

133.1 
150.5 
142.4 

136.0 
134.9 
136.8 

2479.6 
2877.6 
4046.2 

2312.9 
2818-3 
3983.6 

2217.3 
2383.8 
3854.6 

At  37"C. 

fAt   5°C 

I 

At  37°C. 

dbjGoogle 
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amount  to  about  1600  points,  correepondiog  to  a  viscooity  almost 
twice  aa  great  as  normal.  It  is  noted,  however,  that  the  increase  b»- 
tweeo  37°  and  20''C.  is  very  much  greater  than  that  between  20°  and 
5°C.  so  that  a  curved  line  is  obtained,  the  concavity  of  which  is  turned 
upwards.  In  peKect  harmony  with  these  changes  it  is  observed  that 
the  specific  gravity  increases  on  cooling;  the  greatest  difference  h«e 
obtained  amounts  to  as  much  as  8  points. 

The  effect  of  water  drinking  is  clearly  betrayed  by  the  experiments 
contained  in  table  4.  In  each  case  three  glasses  of  water  were  taken 
very  shortly  after  the  completion  of  the  determination  of  the  normal 
viacoBity.  A  second  determination  was  then  made  after  an  iot«rval 
of  from  thirty  to  ninety  minutes.  While  all  three  experiments  show  a 
very  decided  diminutitHi  in  Uie  viscosity  of  the  urine,  the  first  has 

TABLE* 

Tht  mtotitu  of  th»  urin*  ajltr  vmUr  irinkinf 


(Sormil 

'  \ AT t«r water, 

(Normkl 
AfUir  w«(«r. 

fNoniuJ 

*\A(terw»t«r 


1.0224 
1.0068 


1.0068 


3.«66« 

z.m* 


3-4330 
8.6644 


67.72 
M.03 


153.7 
161.4 


3072.0 


814.1 
248.8 
138. « 


'given  a  difference  of  more  than  300  points,  thus  establishing  a  relatiim- 
sbip  of  1 : 1.1  as  against  the  normal  relationship  of  1 : 1.2.  The  specific 
gravity  shows  an  equally  decisive  decrease  from  1.0224  to  1.0008. 
Experiments  2  and  3  have  yielded  stmiewhat  slitter  differences  for  the 
reason  that  the  second  samples  of  urine  were  collected  after  a  briefer 
interval  of  time,  namely  after  sixty  and  thirty  minutes  respectively. 

Table  5  embraces  three  experiments  showing  that  the  depodUon  of 
the  ura(««  increaitra  the  viscosity  in  a  considerable  measure.  The 
greatest  difTerence  was  recorded  in  experiment  3  and  amounted  to  1670 
points.  In  other  words,  while  the  sample  of  normal  urine  was  only 
1.1  as  viscous  as  dintilled  water  at  37''C.,  the  urates  increased  this  value 
to  2.0.  The  specific  gravity  pursued  in  this  case  a  courxo  parallel  to 
the  vinootiity. 


Digitized  by  VjOOQIC 


VISCOSITY  OF  URTNB 


227 


Ammoniacal  urine  shows  a  tendency  to  become  more  viscous  while 
its  specific  gravity  remains  practically  unaltered  (table  6),  but  care 
must  be  taken  not  to  odd  a  larger  amount  of  ammonia  than  is  abso- 
lutely necessary  to  deposit  the  phosphates.  The  greatest  difference 
here  obtained  amounts  to  only  85  points  and  cannot  therefore  be  said 
to  be  of  special  significance. 

TABLES 

The  viKonly  of  urine  on  deposition  of  vraUt 


cxriuM  un  inniBaB 

ouvm 

.o.^ 

™. 

„-.™ 

TIMOSITT 

1.026t 
1.0324 

1.0161 
1.0242 

1.0239 
1.0304 

3.2311 
1.7630 

4,3407 
2.0454 

3.8681 
2.6113 

61.74 
58.12 

78.82 
73.25 

68.35 
81.31 

135.8 
136.0 

146.8 
114.4 

142.4 
183.1 

3854.6 
2217.3 

4046.2 
2479.6 

8983.5 
2312.9 

1  1637.3 

r  Normal 

}  1666.6 
1  1670.6 

2(uMt» 

*\u»te8 

TABLE  S 

The  vitcotity  of  ammoniaeal  urine  (photphaU*) 


(Normal 

\Fhoflphate8 

{Normal 
Pboflphatoa 

fNonnal.... 
\phMphateB. 


n.Ht. 

135.8 
121.4 


Table  7  contains  the  determinations  of  the  viscosity  and  specific 
gravity  of  ten  samples  of  albuminous  urine.  Two  tests  were  made  in 
each  case;  the  average  (Coefficient  derived  from  these  being  given  in 
the  last  column  of  the  table.  Accurate  quantitative  data  r^arding 
the  percentage  of  albumin  present  in  these  urines  not  being  available, 
the  figures  in  the  third  column  have  been  obtained  by  contrasting  these 
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different  samples  with  urine  which  on  boiliog,  became  practically  B<rf)d. 
The  latter  was  assumed  to  contain  1.0  per  cent  of  albumin. 

The  aver«Ke  coefEcient  of  the  viBcosity  amouota  to  3829  and  the 
average  specific  gravity  to  1.0197.     It  will  be  noted,  however,  that 

TABLE  I 
Tht  tittaiity  of  aO>uminou»  witM 


1  OWW  I 
1.00S9  I 


2  9171 
2.7008 


0.»      2  (MU7       46  ftS 


mp.'  IDIO  7  ' 


—  Hi. 

147  4 

14S4 

153.4 

152.0 

149,5 

144  4 

120,4 

118,0 

120  4 

119.2 

llfl  H 

115  4 

115  2 

115.0 

12.S  4 

124.8 

lfl9  5 

108  4 

151,-3  ! 

I 


■  39  7  41tO  3 
79. 1  4163  « 
25  2  I  3M2  7 

I 

37.4  [  4039  2 
57  e  '  3M1  S 


57.0  I  3H51  0 

I 

I 
84,3  I  34m-» 

I 
M  3  '  3X31  6 

'  3829  » 


th<-^'  (letfmiinationH  fall  inlo  two  Krouiw  of  five  each,  the  Gntl  of  which 
pre«'nt«  the  averap*  valun  of  4039  and  the  wM'oiid  the  average  value  of 
3fir9.  The  average  HiK'iific  gravity  amounts  to  1.0139  and  1.02M 
rwiK*ctivcly.     Tliis  difference  in  the  reautla  ftpp4-ar?  to  I*  dependent 
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upon  the  fact  that  the  samples  of  urine  employed  for  experimeDts  6  to 
10  contain  casta.  Obviously,  therefore,  the  ordinary  glomerular 
nephritis  givra  rise  to  a  mine  of  low  viscosity  because  the  ratio  here 
found  ifl  as  1 : 1 . 1 .    The  involvement  of  the  tubules,  on  the  other  hand, 


TABLE  S 

The  nscoaily  of  diabetic  «n'n« 

"i^i"' 

OBiTITI 

WBMHT 

«..«,.. 

tmm 

,.».„ 

aiHTor 

"i^' 

AviBtai 

■{1::::: 

3(5::::: 

=0::::: 
•&:::: 
'{[:::: 
H5::::: 
•{I::::: 
HI::: 

1.0072 
1.0072 

1,0217 
1.0217 

1-0247 
1.0347 

1.0213 
1.0213 

1.0302 
1,0302 

1.0235 
1.0235 

1.0231 
1.023i 

I. 0210 
1.0210 

1.0389 
1.0389 

1.0221 
1.0221 

IWMM 

2.5 
2.5 

2.5 
2.5 

2,7 
2.7 

2.5 
2.5 

2.7 
2.7 

2.7 
2.7 

2.5 
2.5 

2.0 
2.0 

3,2 
3.2 

2.7 

2.7 

2.3442 
2.0908 

2.777» 
3.2883 

3.7180 
2.8376 

2.4084 
2.2441 

2,1501 
2.1050 

1.1568 
1.3402 

1,3083 
1,0517 

2.8190 
2,8686 

2,0739 
2,1091 

3,0693 
2,8801 

47,70 
42,05 

42  15 
50,02 

79.05 
SI. 80 

44,75 
41,52 

43,30 
43,20 

35.65 
39.38 

36,95 
36,90 

45,95 
46,15 

46.75 
48.90 

55,20 
53.81 

mm.  H(, 

124-9 
123,8 

165.3 
164,1 

125,4 
123,6 

134.9 
134.9 

136,4 
134,1 

84,8 
83,4 

72.4 
71.3 

158,2 
157,0 

125,8 
124,2 

148.9 
147.6 

4009,9 
4104,5 

4004,8 
4024.3 

3756,8 
3721.0 

4009.3 
4026,4 

3635,1 
3621,1 

3837,3 
3908.0 

3929,2 
4021,3 

3895,5 
3963,1 

3483,4 
3430.4 

3750.1 
3710.6 

1   94,6 
[    19,5 
\    35.8 
1    17,2 
1    14,0 
j   70,7 
1    92.1 
1   67,6 
1   53,0 
1   39.5 

4037,2 
4014,5 
3738.9 
4017,8 
3628.1 
3872.6 
3975.2 
3929,3 
3456.4 
3730.3 

Average 

1.0233 

3840,0 

increases  the  viscosity  considerably  so  that  the  ratio  becomes  as  1 : 1.3- 
The  urine  used  for  experiment  6  was  obtained  from  a  case  of  eclampsia. 
Its  specific  gravity  of  1.033  corresponds  to  the  coefficient  3038.  Con- 
sequently, this  urine  is  almost  1.6  times  as  viscous  as  distilled  water  at 
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37°C.  S8  against  the  normal  ratio  of  1: 1.2.  These  changes  are  also 
clearly  betrayed  by  the  specific  gravity,  but  it  appears  that  this  factor 
is  a  much  m<ve  uncertain  means  of  determiniog  the  character  of  urine 
than  the  viscosity. 

He  ten  experiments  compiled  in  table  8  have  been  made  with  urine 
collected  from  patients  Buffering  from  diabetes  meUitus.  Excepting 
the  first  two  cases  in  which  a  dicided  polyuria  was  present,  the  coeffi- 
cients of  the  viscosity  do  not  differ  from  normal.  Experiments  1  and 
2,  however,  show  that  polyuria  decreases  the  viscosity.  The  greatest 
difference  here  recorded  amounts  to  about  200  points  aad  eorrespoods 
to  a  ratio  of  1.1  as  against  the  normal  ratio  of  1.2. 
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STUDIES  ON  EXPERIMENTAL  SURGICAL  SHOCK 
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From  the  Mayo  CUitie,  RoeheiUr,  Uinnetota 

Received  for  publJcatioD  September  7,  1918 

I.   GENERAL  COVSIDERATIONS  OF  EXPERIMENTAL  SURGICAL  SHOCK 

Id  the  coiisideration  of  the  entire  field  of  surgical  shock  from  the  ex- 
Iierimental  point  of  view,  two  features  must  be  onphasized :  a,  that  the 
oondition  termed  shock  by  the  surgeon  is  undoubtedly  owing  to  a  large 
number  of  causes;  and  I>,  that  experimentally  it  is  very  difficult  to  re- 
produce the  environment  and  all  the  phenomena  which  the  sui^on 
calls  shock. 

The  present  series  of  studies  has  been  made' in  order  to  give  experi- 
mental  data  of  aa  many  conditions  as  possible  which  the  sui^on  might 
diagnose  as  shock.  Tlie  data  are  based  on  a  very  large  number  of  experi- 
ments performed  since  the  first  studies  were  undertaken  in  1912,  up 
to  the  present  time.  Fat  purposes  of  investigation  I  have  found  it  of 
practical  value  to  classify  the  various  conditions  into  two  groups.  In 
the  first  group  are  those  cases  in  which  the  cardinal  signs  of  the  condi- 
tion, such  as  decreased  consciousness,  decreased  blood  pressure,  shal- 
low, gasping  respiration,  subnormal  temperature,  etc.,  develop  and 
supervene  for  some  time  after  the  exciting  cause.  In  the  second  group 
are  those  cases  in  which  a  severe  or  fatal  issue  follows  immediately  or 
very  closely  on  the  action  of  the  exciting  agent. 

Clinically,  the  first  group  would  include  most  of  the  cases  which  the 
presentHJay  surgeon  diagnoses  as  shock;  the  chief  of  these  would  be 
the  shock  following  operation.  A  condition  presenting  the  clinical 
signs  of  shock  and  which  is  supposed  to  present  a  physiolc^co-patho- 
logic  condition  similar  to  that  in  the  cases  in  the  first  group,  may  be 
produced  by  a  variety  of  methods.  The  most  important  of  these  are 
deep  anesthesia,  hemorrhage,  exposure  of  the  abdominal  viscera,  the 
use  of  excessive  heat  or  cold,  the  isolation  of  laige  vascular  fureas  as  the 
partial  occlusion  of  the  vena  cava,  the  production  of  cerebral  anemia 
and  the  injection  of  drugs,  peptones  and  oils. 
231 
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It  may  be  wen  from  tbe  foregoing  that  but  few  of  the  methods  used 
to  produce  tbe  shock  cMtdition  can  be  compared  to  tbe  mamier  in 
which  shock  occurs  clinically.  Most  of  the  methods  aim,  primarily,  at 
a  reduction  of  Uood  pressure.  It  is  definitely  known  that  same  of 
them,  and  probably  most  of  tiMm,  produce  a  decrease  in  the  volume 
of  circulating  fluid.  While  tbe  studies  following  these  various  methods 
of  producing  an  experimental  condition  having  tbe  signs  of  shock  bare 
been  of  inestimable  value  in  that  they  have  added  to  tbe  knowledge  of 
tbe  physiology  of  low  blood  pressure,  it  should  be  noted  that  they  ex- 
plain in  only  a  limited  number  of  cases  what  the  possible  etiologic  fac- 
tors in  diock  could  be. 

"Hie  second  group,  clinically,  includes  most  of  tbe  classical  cases  of 
shock  given  in  the  literature  of  tbe  subject.  It  was  in  reference  to  this 
type  of  case  that  tbe  term  shock  was  first  applied,  namriy,  when  sud- 
den  death  occurs  or  alarming  ^mptonu  derdop  immediately  foDowiag 
an  accident  or  operative  procedure  in  whicb  no  definite  canse  of  death 
is  found.  It  is  shock  of  this  type,  particulariy  that  occurring  in  the 
operating  room,  that  has  strongly  impressed  the  surgeon  with  tbe  idea 
that  the  nervous  system  is  essentially  and  (nimarily  at  fault  in  tbe 
production  of  shock. 

Tbe  environment  reproducing  the  conditioo  included  in  the  seeood 
group  is  bard  to  obtain  experimentally.  Very  little  experimental  worit 
has  therefore  been  done  on  the  investigatioo  of  sudden  death  asaocialed 
with  accidental  trauma  or  trauma  occurring  in  the  operating  room. 
The  crushing  of  joints  in  decerebrated  animals  has  occasionally  pro- 
duced death,  and  tbe  sudden  trauma  to  the  whole  thigh  of  an  anes- 
tbetind  animal  has  also  been  fatal.'  In  general,  experimental  work  has 
not  reduplicated  tbe  clinical  obnervations  in  regard  to  the  class  of 
cases  included  in  this  group. 

Practically  all  investigators  of  the  shock  problem  have  undertaken 
the  investigation  with  tbe  idea  of  proving  or  dispronng  Knne  particu- 
lar theor>-  regarding  it.  Since  tbe  condition  termed  shock  is  probably 
due  to  a  large  number  of  factors,  our  researches  mimt  neccKxarily  have 
to  do  with  tbe  many  possible  causes  of  obscure  death.  As  further  data 
are  prcnented  it  seems  that  each  of  the  theonen  de\-e1opetl  to  explain 
the  cfMidition  of  shock  contain^  an  element  of  truth.  an<l  that  typical 
cases  diagnosed  as  shock  coidd  be  found  to  illustrate  each  tbeor>-.  In 
the  present  studies  no  attempt  has  been  made  lo  correlate  the  data 

'  PrriKXMl  oomrounicatioD  frooi  Dr.  E.  O.  Brown. 
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Fig.  1.  Photograph  ot  kymogrujih  retard  showing  the  effect  of  diffcreot  ten- 
81008  of  ether  on  the  inhibitory  reflex  of  rc^iNi'^^ioD-  In  each  record  signal  A 
mfljke  the  time  of  disconneFting  the  ether  and  signal  B  the  BtimulatioD of  the 
right  superior  laryngeal  nerve  for  two  minuted.  Both  vagi  are  intact.  Id  record 
1  ether  tension  was  40  (uneorrected)  and  blood  pressure  was  150.  Note  that  there 
was  but  slight  inhibition  of  respiration.  The  heart  was  inhibited.  Ether  ten- 
sioD  was  gradually  increased  and  in  rcrard  2  blood  pressure  was  still  150  but 
respiration  was  decreased  in  rate  and  amplitude.  Note  the  increase  in  the  time 
respiration  was  inhibited.  Record  3  shows  the  efTect  of  another  i 
tension  of  ether.     Respiration  is  inhibited  for  a  much  longer  period. 
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with  any  of  the  current  theories  but  all  experiments  have  been  devised 
with  the  view  to  determine  some  facts  in  r^ard  to  the  many  phases 
of  the  shock  proUem. 

I  am  fully  aware  that  all  of  these  studies  are  not  directly  associated 
with  the  shock  probletn.  However,  until  a  comprehensive  and  scieotiSc 
definition  of  shock  based  on  known  facts  is  made,  it  seems  best  to  clas- 
sify all  data  bearing  on  the  causes  of  sudden  death,  the  causes  of  low 
blood  pressure  and  the  phenomena  of  shock  under  the  general  tenn 
surgical  shock.  A  fact  that  is  univenially  true  of  experimental  wra-k 
and  especially  true  in  regard  to  shock  should  also  be  emphasised, 
namely,  that  direct  clinical  application  of  the  experimental  data  should 
be  cautiously  made. 

II.    ETHER   ANESTHESIA    IN    RELATION   TO  SURGICAL  SHOCK 

The  anesthetic  is  of  the  greatest  importance  to  the  clinician  in  a 
consideration  of  post-operative  shock.  It  is  of  even  greater  importance 
to  the  experimental  investigator  who  would  attempt  (o  determine  the 
causative  factors  in  this  eonsideraton. 

All  our  experiments  have  been  performed  under  ether  anesthesia  and 
therefore  all  conclusions  drawn  must  be  in  regard  to  that  aneirthetic 
only.  There  were  (wo  reasons  for  the  use  of  ether.  First,  it  is  the 
anesthetic  used  in  the  greater  number  of  operations  and  therefore  the 
results  obtained  will  have  the  greatest  clinical  application;  second,  it  is 
the  anesthetic  which  can  be  most  easily  employed  in  experimental  wOTk. 

In  the  beginning  of  our  work  on  the  relation  of  ether  anesthesia  to 
shock,  we  attempted  to  establish  some  definite  data  in  regard  to  the 
activity  of  the  various  organs,  nerve  centers  and  reflexes  under  different 
tensions  of  ether.  Boothby,  by  meuts  of  the  Connell  anesthetCMnrter, 
showed  that  in  man  the  anesthesia  became  complete  at  a  definite  ten- 
sion of  ether.  It  is  reasonable  to  suppose  that  animals  would  react  to 
ether  in  a  like  manner  and  that  a  standardisation  of  ether  anesthesia 
in  reference  to  phyaidogic  research  would  be  accomplished.  Two  great 
difficulties  were,  however.  enrountere<].  First,  the  Connell  aneathetom- 
eters  which  we  personally  used  and  as  tested  by  the  Walter  gas  bal- 
ance, were  found  to  have  too  large  an  error  for  standardisation,  and 
second,  the  only  ether  to  be  obtained  at  prem-nt  it*  not  pure  enough  for 
accivate  work.  Throe  two  sourceti  of  error,  which  we  have  not  as  yet 
been  able  to  obviate,  have  ncMtwitati'd  the  uxe  of  approximations  only 
in  relation  t<»  ether  tenwionn.     The  crrorn  in  thc>^*  approximations  are 
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on  an  average  probably  no  greater  than  15  per  cent.  However,  the 
data  have  justified  several  concluBions  that  have  been  of  great  value  in 
our  work  on  shodc.  These  conclusions  all  have  reference  to  ether  an- 
estheda,  as  administered  by  an  anesthetometer. 

1.  In  general,  the  physiologic  phenconena  due  to  ether  are  remarkably 
constant  at  the  same  range  of  tensions  in  different  dogs. 

2.  Under  a  low  tension  of  ether,  just  sufficient  to  produce  narcosis, 
the  blood  pressure  remains  normal  for  a  period  of  at  least  twelve  hours. 

3.  The  various  respiratory  and  vascular  reflexes  disappear  at  differ- 
ent ranges  of  ether  tension. 

4.  The  signs  of  shock  can  be  readily  produced  by  high  tensions  of 
ether. 

It  is  possible  for  practical  purposes  to  divide  ether  tensions  in  rela- 
tion to  their  anesthetic  action  into  four  groups.  In  the  first  group  are 
included  the  tensions  that  are  too  low  to  produce  anesthesia,  llie 
second  group  includes  those  under  which  the  animal  is  reduced  to  a 
state  of  surgical  anesthesia  but  which  are  not  high  enough  to  depress 
any  of  the  vital  processes;  it  is  impossible  to  kill  an  animal  by  any 
tension  in  this  group,  if  time  is  not  allowed  to  become  a  factor.  The 
third  group  includes  the  tensions  that  produce  depression  of  the  vital 
processes  and  under  which  death  may  occur.  Any  tension  higher  than 
those  included  in  this  third  group  is  incompatible  with  life.  The  rai^ 
of  tensions  included  in  these  various  groups  is  approximately  constant 
for  the  various  animals.  Of  course,  individual  variations  occur  but 
these  are  usually  within  the  limit  of  the  error  of  the  mechanism. 

The  employment  of  approximate  ether  tenuons  has  been  productive 
of  several  important  findings.  By  the  use  of  low  tensions  it  can  be 
demonstrated  that  an  animal  may  be  muntained  in  as  normal  a  condi- 
tion as  it  is  possible  to  keep  a  narcotized  animal,  for  many  hours. 
This  is  of  great  value  since  it  is  thus  possible  to  maintain  a  safe  degree 
of  anesthesia  without  its  being  affected  by  any  physiol(^c  condition  of 
the  animal  or  by  operative  procedures.  It  is  also  of  great  value,  es- 
pecially in  shock  experiments,  to  be  able  to  administer  a  tension  of 
ether  idiich  is  definitely  known  to  be  too  low  to  maintain  surgical  anes- 
thesia. It  is  thus  possible,  without  completely  withdrawing  the  ether, 
to  know  when  the  animal  has  reached  shock. 

The  respiratory  and  vascular  reflexes  undoubtedly  vary  under  dif- 
ferent tensions  of  ether  but  are  fairly  constant  under  the  same  tensions. 
SfHoe  reflexes  are  very  sensitive  to  ether  and  cannot  be  elicited  except 
under  low  tension.    Other  reflexes  will  persist  as  long  as  the  involved 
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oerve  wUh  funcliuuAlc.  In  the  study  of  aiiy  particular  reflex  it  ie  of 
«»  much  importance  to  keep  the  aoeothetic  constant  as  to  keep  the 
strength  anil  rate  of  stimulus  coustant.  This  is  imposailjle  under 
moNt  of  the  nietho<)fl  of  aiicHthma. 


Fin.  '2.  KyraoKraph  n'rorii  uf  icjiirHlii.ii  ami  Mood  prvdnurc.  'I  hi-  uniinal  st 
fiwt  wsB  un<lor  n  modrrnti'  eiliir  IinihU'Ii  i4.'  iinrorrcrlrili.  The  right  vkkuk  wm 
M-rlii>i:i'<l;  Ihr  left  vhkus  wuh  intnrt.  At  rifEnal  A  rthrr  waiiliiironnprird  aod  at 
Nilinal  O  thr  <vnlral  cml  of  the  riftht  vaiiiM  waKHlitnulatrdunlil  impiratory  move- 
nwnlH  whirh  were  inhihiiod  at  fimi.  returned.  This  occupied  40  aecond*.  A( 
Hiltnnl  C  ether  itiui  aKsin  admininlercd.  Signal  D  mark*  an  interval  of  fifteen 
miniiti-H  (luriDK  mhjrii  a  hi|ih  clhrr  tensioD  una  admin iatc red  (64  uncfirnclrd >. 
Al  Hiftnal  A'  i-thcr  wan  again  itinconnfH'ted  and  nt  H'  the  renlral  end  of  the  right 
vagiu  waflNtimulHtrd  for  three  miniil('i>.  lt<'H|>iration  wan  inhibited  and  after  an 
initial  rise  bliHxl  pn-iunin-  (clt  lo  /rrci. 


t'ig.  3.  I'hotograph  of  kymograph  rrcord  of  recfiiralion  and  lilood  prt>ai»irr. 
The  prorrdure  and  rrxuha  in  thin  ex|KTitnrtil  Here  almiMt  identical  with  those 
i>hnwn  in  figure  3.  The  minor  differenm  arr:  the  initial  blood  pmwiirr  was  IJO 
and  the  unrorrected  ether  irnniiin  wan  -tO;  nignal  I)  reprcKentii  a  period  uf  fourteen 


A  review  of  protorols  dealing  with  sludieo  of  experimental  shook 
shows  that  in  many  inxtuneeK  the  invcKtigalor  was  luidnuhteiUy  study- 
ing a  condition  of  deep  etherization  und  not  of  !ih<N-k.  This  is  prob- 
ably one  of  the  moni  iinjiortunt  n-awtns  why  so  mueh  of  the  experi- 
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mental  data  on  shock  is  costradictory.  The  relation  of  deep  etheriia- 
tion  to  the  signs  of  shock  cannot  be  too  strongly  emi^istiiifid.  By  the 
manipulations  of  the  various  tensions  of  ether  it  is  poaaiUe  to  parallel 
the  various  stages  and  signs  of  shock.  Under  hi^  tensions  the  blood 
pressure  is  decreased  and  all  the  other  symptoms  follow.  However,  it 
is  quite  possible  to  saturate  an  animal  with  ether  at  a  tensioD  just  slightly 
lower  than  that  necessary  to  abolish  the  eye  reflex  and  to  produce  an 
obtundity  of  the  reflexes  without  decreasing  the  blood  pressure  to  a 
shock  level.  It  is  possible  to  obtain  such  results  with  a  certainty  only 
when  the  ether  is  administered  mechaoically  and  is  not  dependent  in 
any  way  on  the  respiratory  efforts  of  the  animal. 

in.    REFLEX  INHIBITION  OF  RESPIRATION  AS  A  CAUSE  OF  SUDDEN  DEATH 
DURING  OPERATION 

Id  a  study  of  the  vascular  and  respiratory  reflexes  under  various 
tendons  of  ether  (1)  it  was  found  that  all  the  respiratory  reflexes,  ex- 
cept that  which  produces  inhibition  of  respiratory  movements,  disap- 
peared before  the  respiratory  center  failed.  The  excitatory  respiratory 
reflexes  disappear  under  a  relatively  high  tension  of  ether.  On  the 
contrary,  instead  of  a  depression  of  the  inhibitory  reflex  being  caused  by 
ether,  a  relative  increase  at  least  is  quite  common.  Thus  it  was  pos- 
sible under  deep  etherization,  in  some  instances,  actually  to  kill  an 
animal  by  prolonged  stimulation  of  the  nerve  fibers  that  inhibit  respi- 
ration. It  was  believed  that  this  phenomenon  might  have  some  bearing 
on  the  shock  problem;  a  more  complete  study  of  it  was  therefore  made. 

The  idea  that  death  could  actually  be  produced  by  the  action  of  a 
nerve  reflex  has  been  very  prevalent  with  clinicians  but  has  vwy  little 
,  clinical  or  experimental  evidence  to  support  it.  For  this  reason  our 
experiments  are  important  even  if  all  the  factors  involved  have  not 
been  determined  and  even  if  it  is  not  possible  at  the  present  time  to 
make  a  definite  clinical  application  of  the  data. 

The  experiments  were  performed  on  dogs.  The  aninmla  were  ether- 
ised in  a  closed  cabinet,  intubated  and  the  anesthesia  usually  main- 
tained with  a  Connell  (2)  anesthetometer.  In  some  experiments  a 
modified  McGrath  (3)  method  of  anesthesia  was  employed  in  order  to 
determine  if  the  method  of  administering  ether  were  a  factor  in  the 
results  obtained.  Respiration  and  carotid  blood  pressure  were  re- 
corded (mercury,  and  in  some  experiments,  membrane  manometer). 
Ether  was  always  discontinued  during  the  periods  of  stimulation.    The 
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Fir.  4.  Kymoimph  rrcord  of  blood  preMure  and  rcspiratioD.  Tbe  uunul 
wH  under  B  trnaion  ol  pthrr  which  jiut  aboliabed  the  eye  reflex.  Reapirmtian  ma 
6ft«eii  per  miautr  and  blood  pr«Mure  wki  10&.  Both  vkfi  were  lectioticd.  EUmt 
wu  dia«oanMt«d  juat  previoiu  to  tbe  period  of  atimulatioti.  The  central  vrid 
of  tbe  left  vacua  waa  atimulatcd  for  two  mioutM  and  forty-Bre  aeconda.  Daatb 
followed  and  waa  aaaociated  with  inhibtlion  of  retpiration  and  an  initial  riae  in 


Fig.  B.  Photagrapb  of  kymograph  reeord  ahowinit  sudden  death  foUowini 
alimulation  of  tbe  central  end  of  tbe  right  vagua  for  thirty  aeconda  under  a  high 
etber  tenaion.  Both  vagi  were  seetionrd.  The  animal  had  been  under  etber  for 
■evera)  bourn  and  under  the  lajne  tension  (oS  uncorrvcteili  (or  one  hour.  Tb* 
blood  prcMure  and  mpiralion  bad  been  practically  connlant  for  the  half  hour 
preceding  tbe  ■timulalion,  Thia  record  prove*  that  death  wa«  certainly  aaaoci- 
ated with  an  aelive  inhibtlion  of  respiration. 
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Fig.  6.  Photograph  of  kymograph  record  showing  recovery  after  a  long  period 
of  inhibition.  McGratfa's  method  of  anesthesia  was  used.  The  right  vagua  was 
sectioned,  the  left  vagus  was  intact.  Stimulation  of  thecentral  end  of  ri^t  vagua 
under  light  ether  produced  partial  inhibition  of  respiration  for  less  than  fifteen 
seconds  (record  1).  The  ether  tension  was  then  increased  until  the  eye  reflex 
had  just  dirappesrcd.  Stimulation  of  the  central  end  of  the  right  vagus  now  in- 
hibited respiration  completely  for  the  entire  period  of  stimulation.  When  death 
appeared  inevitable  stimulation  was  stopped.  Respiratory  movements  immedi- 
atelyoccurred  and  the  animal  soon  recovered  (record  2).  This  record  proves  that 
at  least  in  some  instances  death  following  inhibition  of  respiration  under  deep 
ether  is  an  active  process  throughout. 


Pig.  7.  Photograph  of  kymograph  record  showing  increase  in  the  inhibitory 
reflex  of  respiration  under  high  ether  tension.  Both  vagi  were  sectioned.  In 
record  6  blood  pressure  was  120  and  ether  tension  30  (uncorrected).  Stimulation 
of  the  central  end  of  the  right  vagus  for  one  minute  produced  inhibition  of  respi- 
ration for  about  half  that  period.  The  ether  tension  was  then  increased  to  70 
(uncorrected).  When  the  eye  reflex  had  just  disappeared  the  v&gua  was  again 
stimulated  (record  7) .  Blood  pressure  had  decreased  to  90.  The  stimulation  was 
maintained  for  two  minutes  and  respiration  was  completely  inhibited.  It  re- 
mained inhibited  after  the  cessation  of  stimulation  and  blood  pressure  continued 
to  fall.  Insufflation  was  then  started  and  in  a  short  time  recovery  took  place. 
This  record  shows  that  lack  of  air  appears  to  be  the  important  factor. 
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nrrves  were  stimuUted  electrically  in  the  unul  manner,  care  boinic 
taken  to  keep  the  atimulue  as  near  constant  as  ponrible  for  each  experi- 
ment. In  many  czperimeots  shield  electrodes  were  used.  The  alimu- 
luft  was  always  maximimi  in  strength  and  rate. 

From  the  results  of  the  stimulation  of  the  nerves  in  a  larRC  series  nf 
animals  it  was  found  that  only  two  that  were  eamly  exposed  could  be 
relied  on  consistently  to  produce  reflex  inhibition  of  respiration.  St  imu- 
lation  of  other  nerves,  such  as  the  brachial  [dexus,  occasionally  caused 
a  cessation  of  respirator}'  movements  but  only  the  superior  lar>-niteal 
and  the  central  ends  of  the  vaffi  produced  constant  rMulta.  Without 
doubt,  however,  the  same  results  may  be  obtained  by  tbe  stimulation 
of  other  nerves  when  they  are  found  to  inhibit  respiration,  partirulariy 
those  nerves  containing  »«ensory  fibers  supplyinf;  tbe  upper  respiratory 
tract. 

The  stimulation  of  either  the  superior  lar>'n((eal  or  the  central  end 
of  a  vagus  nerve  under  light  surgical  anesthesia  usually  inhibits  respira- 
tion for  a  short  period.  As  the  stimulation  is  continued,  howe^-er.  res- 
piratorj-  mo%-pments  soon  return,  due  either  to  a  decrease  in  the  reflex, 
or  what  is  more  proltable,  to  an  increase  in  the  chemical  stimulation  of 
the  center.  It  is  rarely  possible,  under  light  ourgical  anesthesia,  to 
inhibit  respiration  by  the  stimulation  of  these  nerves  for  a  long  enough 
perio<l  to  jeopardiie  the  life  of  the  animal.  In  our  experiments,  ex- 
cluding those  in  which  reflex  inhibition  of  the  heart  was  associated  with 
the  inhibition  of  respiration,  btood  pressure  was  never  permanently 
lowered  to  a  shock  pressure.  In  a  few  experiments,  however,  there 
was  marked  depression  of  the  blood  pressure  owing  probaUy  l4)  stimu- 
lation of  the  depressor  nerve,  and  comi^te  recovery  did  not  take  place. 
I'ndrr  ether  tensions  consideratJy  less  than  those  neceaaary  to  pnxluee 
surgical  narcosis,  reflex  inhibition  of  respiration  might  become  tlanger- 
ous  provide<l  the  circulation  was  not  capable  of  compensating  for  a 
long  period  of  asphyxia.  As  the  ether  tension  is  incrAurd  the  length 
of  time  that  the  respirator>-  movements  arc  inhibitet]  by  the  stimula- 
tion of  those  nerves  is  prolonged.  Finally,  in  a  large  number  of  animals 
under  deep  etherisation,  the  respiration  fails  to  return;  tbe  blood  pres- 
sure quickly  falls  and  death  ensues.  Quite  frequently  death  ran  be 
pn>duced  by  reflex  inhibition  of  rexpiration  under  an  ether  tension 
which  will  juHt  aholixh  the  eye  reflex.  A  fatal  result  did  not  alwayo  occur 
in  our  experimenlfl  but  the  respiration,  with  ver>'  few  exceptions,  was 
inhibited  for  a  much  longer  lime  under  dtvp  etherisation  than  under 
light  anesthesia;  the  opiXH-ile  was  rarely  true. 
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In  the  earlier  experiments  the  normal  blood  pressure  was  usually 
decreased  as  much  as  one-half  before  re^iration  could  be  luhibited 
long  enoi^h  to  produce  death.  However,  it  was  found  that  by  cau- 
tiously increasing  the  ether  tension  many  animals  could  be  killed  while 
the  blood  pressure  was  practically  normal.  It  was  determined  that 
such  results  are  not  dependent  on  the  method  of  anesthesia  or  the 
height  of  blood  pressure,  and  that  they  are  obtained  with  sectioned  and 
intact  vagi. 

The  mechanism  by  means  of  which  death  is  produced,  associated  with 
an  inhibitory  reflex  of  respiration  under  deep  etherisation,  is  not  clearly 


Fig.  8.  Photograph  of  kymograph  record  showiog  a  long  period  of  inhibition 
of  respiration  associated  with  reflex  inhibition  of  the  heart  following  stimulation 
of  the  right  superior  laryngeal  nerve  under  very  low  ether  tension.  The  right 
vagus  was  sectioned,  the  left  vagus  was  intact.  Under  a  high  ether  tension  such 
a  long  period  of  inhibition  would  probably  have  proven  fatal  owing  to  failura 
of  the  circulation.  This  record  shows  that  white  under  very  light  ether  tension 
it  is  rarely  possible  to  inhibit  respiration  for  a  long  period  of  time,  a  fatal  result 

defined.  In  our  experiments  death  occurred  only  when  the  nerves 
that  inhibit  respiration  were  stimulated,  and  it  was  never  produced 
tmder  deep  etherization  when  respiratory  movements  were  maintained. 
Death  will  not  take  place  while  insufflation  or  artificial  respiration  is 
maintained.  The  processes  producing  death  seem  to  have  been  as 
follows: 

For  some  unknown  reason,  ether  does  not  abolish  the  reflexes  which 
inhibit  reepiratiou  so  long  as  the  respiratory  center  responds.  Under 
deep  etherization  the  threshold  of  the  cells  of  the  respiratory  center  is 
greatly  increased  to  the  chemical  stimuli.  A  point  is  thus  reached  at 
which  the  irritability  of  the  center  is  so  depressed  by  ether  that  it  will 
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not  respond  to  the  increasing  amounts  or  carbon  dioxide  in  tbe  blood 
or  to  the  excitatory  reflexes,  but  will  respond  to  the  inhibitory  reflexes. 
At  this  time  stimulation  of  inhibitory  6bera  will  produce  death  and, 
owing  to  tbe  action  of  tbe  high  tension  of  ether  on  the  circulation,  a 
very  short  period  of  asphyxia  will  produce  death  very  quickly.  The 
ether  tension  under  which  death  will  follow  tbe  stimulation  of  the  re- 
flexes inhibiting  req>iration  is  fairly  constant,  although  individual 
variations  occur. 

There  seem  to  be  factors  other  than  deep  etherization,  although  prob- 
ably minor  ones,  involved  in  these  experiments.  Tbe  reflex  producing 
inhibition  of  re^iration  seems  very  resistant  to  agencies  which  usually 
depress  or  abolish  the  excitatory  reflexes  of  respiration.  Thus  it 
seems  quite  poaaible  that  most  conditions  which  decrease  the  irritabil- 
ity of  the  respiratory  center  might  allow  death  to  occur  by  reflex  in- 
hibition of  respiration  providing  the  circulation  were  also  deprcMed. 
The  production  of  deep  anesthesia,  although  probably  the  moat  rom- 
mon  and  potent,  would  be  only  one  of  these  agencies. 

The  accumulation  of  the  data  substantiating  the  idea  that  depmnoo 
of  the  respiratory  center  associated  with  a  depressed  circulation  is 
tbe  important  factor  is  not  complete  and  further  investigation  in  regard 
to  it  is  being  carried  on.  The  following  suggestive  facttt,  however,  have 
been  obtained :  lite  inhibitory  reflex  of  respiration  is  decreased  or  com- 
pletely abolished  during  periods  of  hyperpnea;  tbe  period  of  apnea  fol- 
lowing byperpnea  under  light  ether  anesthesia  is  not  increased  by  tbe 
stimulation  of  the  nervea  which  inhibit  respiration,  and  the  inhibi- 
tory reflex  is  decreased  or  abolished  during  the  period  of  increased 
respiratory  movements  in  the  first  stage  of  asphyxia.  An  animal  can- 
not be  killed  by  reflex  inhibition  of  respiration  during  the  first  stage  of 
asphyxia.  However,  as  asphyxia  is  prolonged  and  the  respiratory 
movements  begin  to  decrease,  stimuhtioD  of  inhibitory  nervM  will 
inhibit  respiration  and  in  many  experiments  produce  sudden  death. 
In  some  experiments,  while  the  time  during  which  respiration  is  in- 
hibited under  deep  ether  is  greatly  increased  over  that  under  light 
ether,  death  cannot  be  produced.  A  slight  period  of  asphjnda  will  in- 
crease the  time  of  inhibition  bo  that  death  will  occur.  It  would  seem 
that  the  lack  of  oxygen  may  be  a  factor.  Inhibition  of  respiration 
under  deep  etherisation  frequently  produreK  death  very  quickly.  The 
blood  pressure  usually  decreawx  at  onre  and  the  heart  soon  stops 
beating.  This  result  would  seem  to  imply  that  death  was  due  to  or 
associated  with  other  factors  than  asphyxia.    However,  a  comparison 
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of  the  curves  io  instances  in  which  death  was  due  to  asphyxia  under 
deep  ether  shows  a  dose  siinilaiity  to  those  found  in  the  condition 
produced  experimentally.  The  Mphyxia  under  deep  etber  nems  to 
explain  the  sudden  decrease  in  blood  pressure  aod  atoppage  of  the 
heart,  although  an  active  process  may  be  involved. 

Under  light  surfpcal  anesthesia  resjHration  is  seldom  inhibited  for 
a  very  long  time.  In  a  few  of  our  experiments  stimulatton  of  the  supe- 
rior Uryngeal  nerves  under  an  ether  tennoo,  Bliffatly  too  low  for  surgical 
work,  has  produced  a  partial  inhibition  of  respiration  for  as  long  aa 
four  to  eight  minutes.    This  period  of  inhibition  is  longer  than  that 


Vis..  10'  I'hutnfcrajih  of  kyimiKrsph  rprord  choninK  ■  rapidly  falal  trrtninatioa 
following  vrnDiiaohalrurli»n  to  all  Ihe  limba.  Animal  Plheriunl  kl  tt:30;  rorthod 
-miHlifii'd  .Mc<irHlh.  Appantiu  arrmnRi^  to  record  carotid  blood  prrviurr. 
.M>j'ir  arirry  to  each  limb  expowd.  Record  I  taken  at  ft  :U.  blood  preaaure  130. 
LiKBtureti  were  immeilialely  applied  to  each  limb  inrludinft  all  itructurea  except 
the  major  artery.  Record  2  taken  at  0:06.  blood  preMure  IW.  Record  3  taken 
St  10:(XI.  bloiKl  prcHBUre  St.  Animal  beginninit  to  exhibit  aiipu  of  ahork.  Record 
4  takm  Ht  10:30.  blood  preaaure  34.  The  lifatuTM  n'ere  now  removed  but  the 
iinimni  died  durinjc  this  prorcdurc. 

which  prTKlurt-d  death  in  several  of  (he  expcrimento  under  deep  ether. 
I'mlcr  the  very  low  ether  teiiHlon,  however,  blood  prenure  remained 
praclically  normal  and  death  did  not  (H-cur.  Cndoubtedly,  if  a  hij^ 
ether  (eiiKJon  ha<l  Iteen  uniI,  <l«-»th  would  have  followed  such  prt^onged 
peritxlH  of  inhibition.  Thew  n-miltn  would  furnish  sonic  support  to 
the  idea  that  the  toidden  death  following  inhibition  of  resjiiration  under 
a  high  ether  tcnnion  whh  mainly  owing  tn  a  failure  of  lhi>  organinni  to 
compoiisale  for  the  asphyxiation  whrti  .-alunili-d  with  a  high  ether  ten- 
sion. This  relatifin  of  asphyxia  to  deep  elheriuition  has  l>pen  prp\i- 
ously  disTiiMieil  by  (iatch,  (innn  and  Muiin  ( tl.     The  itn|Mtrtant  fact 
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shown  in  these  experimeots  is  that  the  inhibitory  reflex  of  respiratiiui 
under  ether  anesthesia  persists  as  long  as  respiratory  movements  occur. 

Experiments  dealing  with  the  attempt  to  produce  death  by  stimu- 
lating nerves  other  than  electrically,  and  under  conditions  other  than 
deep  etheriiation,  are  not  ccHnpIete.  However,  it  would  seem  quite 
possible  to  produce  a  condition  of  depression  of  the  respiratory  center 
by  asphyxia,  oxygen-lack  or  other  methods,  without  otherwise  greatly 
disturbing  the  general  condition  of  the  animal,  so  that  the  stretching 
of  a  nerve  or  the  pulling  of  the  mesentery  might  produce  a  serious  or 
fatal  condition  owing  to  inhibition  of  respiration.' 

What  practical  bearing  such  experiment*  have  on  the  shock  problem. 
it  is  impossible  to  state  at  the  present  time.  Death  is  produced  so 
suddenly  and  strikingly  under  these  conditions  that  it  seems  highly 
probable  the  same  effects  have  occurred  in  man.'  It  is  quite  poftsible 
that  deep  etherisation  and  inhibition  of  respiration,  while  operations 
are  being  performed  in  the  region  of  the  neck,  axilla  and  diaphragm, 
regions  in  which  traumatic  procedures  are  prone  to  produce  stoppage 
of  respiration,  are  responsible  for  some  of  the  sudden  deaths  on  the 
operating  table  which  the  surgeon  has  diagnosed  as  due  to  shock.  It 
should  be  noted  that  the  depth  of  anesthesia  at  which  inhibitory  re- 
flexes become  dangerous  is  no  greater  than  that  which  some  surgeons 
employ. 

SClCUARr 

Ether  tensions  that  will  decrease  or  abolish  the  excitatory  refletes 
of  respiration  do  not  seem  to  depress  the  inhibitory  reflexes,  and  in 
most  instances  the  action  of  the  inhibitory  reflex  seems  to  l*e  increased, 
althouf^  this  may  be  only  a  relative  result.  Ether  t«>nsions  that  will 
depress  the  respiratoiy  center  so  that  it  will  not  respond  to  the  increase 
of  carbon  dioxide  in  the  blood,  usually  will  not  alralish  the  inhibitory 
reflex.  Under  such  conditions  stimulation  of  the  nerves  inhibiting 
respiiation  will  quite  frequently  profluce  death.  This  may  be  the  proc- 
ess by  means  of  which  sudden  death  is  producnl  during  operation. 
However,  death  due  to  inhibition  of  rcnpiration  should  never  occur 
under  light  surgical  anesthcKia. 

*  In  U)  pxrcllcDt  BrliHp  on  ahiK-k,  Wi-lMlpr  (5l  shows  a  kymoKnpb  trartni  io 
whirh  puIliDK  on  tbr  mr^rnlrry  in  ■  nhix-knl  animal  produced  tnhibilioD  uf  tcapi- 
ration  and  dralh. 

'  llnriti  (fit  rrjiorlB  ■  thup  in  which  mpiralory  failurr  occurred  durinc 
nbdotninal  inrifiion,  but  nriiliriiil  riv|iirali(>n  wu  cRfytivc,  Thr  corneal  rrflpi 
had  diaappoarcd.     KmuIIk  in  ihi-i  ruat  nmn  lu  inrallvl  our  pxjicrinicnl. 
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nr.   THE  RELATION  OF  THB  CAPILLABT  AKD  VENOUS  BBDfi  TO  THE  SIGNS 
OF  SHOCK 

This  iDvcetigatioD  was  made  for  the  purpose  of  delcmutuDg  the  small- 
est capillaty  and  veoous  area  which  could  be  made  to  contain  enough 
fluid  to  produce  the  signs  of  shock.  There  ia  no  doubt  that  the  cauae 
of  the  condition  which  the  surgeon  calls  shock  is,  in  a  large  number  of 
cases,  a  loss  of  circulating  fluid.  The  method  by  means  of  which  this 
fluid  is  lost  to  the  circulation  is  not  known  nor  is  its  place  of  sequestra- 
tion fully  established.  It  has  been  shown  (7)  that  the  capacity  of  the 
vascular  system  in  Uie  splanchnic  area  is  such  that  it  would  bold  Bevcrel 
times  the  normal  amount  of  blood.  There  is  also  no  doubt  but  thst 
in  Rhock  due  to  exposure  of  the  abdominal  viscera  the  initial  Ion  of 
fluid  takes  p'ace  in  this  area.  What  relation  the  remaining  capillar>' 
and  venous  area  of  the  body  bears  to  the  loss  of  circulating  fluid  im  not 
known.  Cannon  (8)  believes,  and  has  prpaenled  data  to  substantiate 
the  belief,  that  the  lost  fluid  is  due  to  capillary  stagnation. 

Janeway  and  Jackson  (9)  have  shown  that  a  circulator}'  failure  which 
presents  the  typical  Bigns  of  shock  can  be  produced  in  dogs  by  a  partial 
occlusion  of  the  inferioi-  vena  cava  at  its  point  of  entrance  into  the 
thorax.     This  has  been  corroborate<l  by  other  obser^'ers. 

The  method  of  inve8tigati(>n  in  this  seriea  of  experiments  e()nsiste<l  in 
including  in  one  single  strong  ligature  all  the  structures  to  each  limb 
except  the  major  aner>-.  In  this  way  the  major  artery  was  allowed  to 
pump  blo<xl  into  the  limb  fmrn  which  all  venous  ami  lymph  return 
wa.s  otwtnictwi.  The  animal  was  maintained  imdcr  a  constant  ether 
anesthesia  and  carotid  WimmI  prewiure  was  recorde*!  nnercur>'  manom- 
eter). Tlie  Ugatures  were  always  applied  su  as  to  include  as  much 
of  the  limb  as  powible.  I'ndcr  such  cxperiiiieatal  conditions  three  n^ 
flult!(  might  occur:  a,  Stagnation  of  circulatory  fluid  in  the  occluded 
%-enous  and  capillary  area  to  their  full  capacity.  The  general  effects 
of  this  lo-is  of  fluid  would  dcp*'nd  «n  the  sire  of  the  area  involved  and 
the  ability  of  the  remainder  of  the  tLisucs  to  compensate  for  the  Iom, 
b.  Injur}',  owing  to  lack  of  pn>per  circulation,  to  all  the  tissues  of  this 
region,  c.  After  removal  of  the  ligatures,  the  [)assagc  into  the  general 
circulation  of  tiixic  pr<Hlucts  which  might  have  been  foniie<l  during  the 
period  of  occlusion. 

Tlie  results  of  a  larpe  scries  of  exiMTimcntf  an-  in  general  agre^-ment. 
The  firsi  n-sull  of  lignting  the  limbs  in  the  manner  lit'scrilM'd  is  usu  .lly 
a  slight  and  Iran-iient  rise  in  bltMHl  pressure,  although  occasionally  the 
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pressure  may  decrease  from  the  beginning.  In  any  event,  the  blood 
pressure  soon  decreases  and  at  the  end  of  two  hours  has  only  about  one- 
half  its  initial  value.  Usually  this  decrease  takes  place  very  gradually 
but  sometimes  it  drops  suddenly  after  having  been  maintained  at  ap- 
proximately its  normal  level  for  a  long  time.  Other  signs  of  shock  also 
develop;  for  example,  a  short  time  after  the  application  of  the  ligatures 
to  the  limbs  it  is  usually  possible  to  decrease  the  ether  tension  to  a 
point  greatly  below  that  necessary  to  maintain  anesthesia  in  a  normal 
animal.  Thus,  at  the  end  of  two  hours  after  ligation,  an  animal  usu- 
ally ^diibits  the  major  signs  of  shock. 

If  the  ligatures  are  removed  after  blood  pressure  has  decreased  about 
one-half  of  its  initial  value,  obe  of  two  results  follows.  Blood  pressure 
either  increases  or  decreases.  In  the  majority  of  our  experiments  blood 
pressure  increased  after  the  removal  of  the  ligatures,  but  complete 
recovery  did  not  occur.  This  rise  in  pressure  was  seldom  long  main- 
tained but  soon  decreased  again  and  within  an  hour  or  so  was  as  low 
as  when  the  ligatures  were  removed.  In  some  of  the  experiments  the 
blood  pressure  fell  immediately  after  the  removal  of  the  ligatures.  In 
most  of  the  animals  death  soon  occurred  although  in  a  few  the  blood 
pressure  was  maiotained  at  that  low  level  for  a  long  period  of  time. 
The  results  of  the  experiments  may  be  best  explained  as  follows:  The 
initial  fall  in  blood  pressure  is  probably  due  to  the  occlusion  and  stag- 
nation of  circulatory  fluid  in  the  isolated  capillary  and  venous  areas. 
The  variation  in  the  length  of  time  in  which  the  blood  pressure  de- 
creases apparently  depends  on  the  ability  of  the  rest  of  the  body  to 
compensate  for  the  fluid  loss.  The  variable  results  following  the  re- 
moval of  the  ligature  are  due  to  damage  to  the  tissues  in  the  involved 
area  and  the  passage  of  toxic  products  from  the  injured  tissues  into  the 
general  circulation. 

The  primary  factors  involved  in  these  experiments,  a,  stagnation  of 
circulatory  fluid,  b,  damage  to  large  areas  of  tissue  in  such  a  manner 
that  their  mechanism  for  controlling  fluid  exchange  and,  when  the 
area  is  large  enough,  volume  is  impaired,  and  c,  toxic  products  of  cell 
metabolism  and  cell  disintegration  may  all  be  of  importance  in  the 
production  of  some  of  the  conditions  which  the  sui^eon  calls  shock. 

In  such  experiments  it  is  difficult  to  make  estimations  of  the  relative 
capacity  of  the  capillary  and  venous  beds  involved  to  the  total  capacity 
of  all  these  beds  in  the  body.  However,  it  was  possible  to  obtain  ap- 
proximate data  on  the  relation  of  the  total  weight  of  tissue  below  the 
ligatiu%  to  the  total  body  weight.     This  was  done  in  animals  not  sub- 
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jected  to  ligation  in  order  to  eliminate  the  possibility  of  cbaoges  in  the 
tisnies  themselvefl  as  the  means  of  complicating  the  results.  Tlie  ani- 
mals had  been  used  in  other  experiments  and  had  been  faated  for  twelve 
'houra  before  death.  The  limbs  were  amputated  at  the  level  at  wbicb 
the  ligature  was  applied  and  a  comparison  of  the  total  weight  of  the 
amputated  limbs  to  total  body  weight  was  made.  As  there  are  several 
sources  of  error,  the  comparisons  are  only  approximate.  Thedata 
show  that  on  an  average  15  per  cent  of  the  total  weight  of  the  tissues 
of  the  body  was  involved  in  the  ligature. 

Ligation  of  only  three  limbs  produced  variable  remits.  Blood  pres- 
sure was  rarely  lowered  to  a  shock  pressure.  Section  of  the  nerves  to 
each  limb  did  not- seem  to  produce  any  change  in  the  effect  of  the 
ligation. 

In  summariiiDg  it  may  be  rastated  that  ligation  of  all  the  structures 
to  the  limbs  of  a  dog  except  the  major  artery,  will  usually  produce  all 
the  signs  of  shock.  Tie  relative  amount  of  tissues  involved  by  these 
ligatures  was  on  an  average  approximately  15  per  cent  of  the  total 
body  weight.  Tlie  experiments  show  that  a  circulatory  impairment  fol- 
lowing venous  obstruction  of  the  return  of  blood  from  the  four  limbs  ot 
an  etherised  animal  is  sufficient  to  produce  the  signs  of  shock. 
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INTRODUCTION 

Von  Tappeiner,  Jodlbauer  and  their  coworkers  (1)  have  carried  out  a 
gretkt  number  of  experimenta  on  the  destructive  effect  of  visible  radia- 
tion on  various  cells,  enzymes  and  toxins  when  fluorescent  substances 
are  present.  Not  all  fluorescent  substances  are  found  to  be  consistently 
harmful  and  there  is  no  correlation  between  the  d^r^e  of  fluorescence 
and  the  amount  of  photodynamic  action  for  the  different  materials 
used.  However,  the  fact  that  all  the  substances  which  were  found 
harmful  are  fluorescent  in  some  degree  seems  to  establish  a  definite  con- 
nection between  the  two  effects.  Two  facts  that  stand  out  clearly  are 
a,  that  only  the  wave-lengths  absorbed  by  the  fluorescent  substance 
are  harmful;  6,  that  for  visible  rays  the  presence  of  oxygen  is  necessary 
to  produce  photodynamic  action.  The  first  fact  would  be  true  if  the 
effect  were  due  to  any  photochemical  change  and  does  not  necessarily 
point  to  any  connection  with  fluorescence.  The  second  fact  seems  to 
indicate  that  the  effect  is  photochemical  and  that  fluorescence  ia  not 
the  essential  factor,  since  oxygen  is  not  necessary  for  fluorescence. 

A  number  of  experimenters  have  objected  to  the  conclusion  that  the 
property  of  fluorescence  is  in  itself  harmful.  Straub  (2)  found  that 
the  oxidation  of  many  well-defined  chemical  substances,  by  the  oxygen 
of  the  air,  is  greatly  increased  by  eosin  in  the  presenceof  light.  He  con- 
clufjed  that  eosin  is  toxic  on  account  of  poisonous  substances  formed 
by  autoxidation.  Heffter  (3)  examined  the  acids  formed  by  eosin  in 
the  process  of  autoxidation  and  found  carbonic,  oxalic,  phthalic  and 
hydrobromic  acids.  It  would  seem  that  the  formation  of  these  acids 
might  easily  explain  the  harmful  effects  on  paramoecia  and  bacteria, 
especially  in  view  of  the  Ledoux-Lebard  experiment  and  von  Tappeiner's 
addition  to  it.  Ledoux-Lebard  (4)  found  that  a  previously  illuminated 
251 
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solution  of  eosin  was  fatal  to  paroinoecia  in  the  dark,  whereas  a  frpfibly 
prepared  solution  of  the  name  strength  was  bannlera.  Von  Tappeiner 
showed  that  this  effect  is  definitely  due  to  the  fonnation  of  acids,  aa 
neutraliEinft  the  illuminated  solution  renders  it  harmless  a^ain.  He  is, 
however,  convinced  that  the  slow  fonnation  of  free  acids  doe«  not 
account  for  the  swift  pbotodynamic  effect  observed,  especially  as  para- 
moecia  will  die  in  neutral  and  alkaline  solutions  in  the  presence  of 
fluorescent  substances  and  light.  Also,  a  photodynamic  death  is  fol- 
lowed by  a  swift  disintegrfttioo  of  the  paramoecia,  whereas  after  adeath 
from  free  acids  they  keep  their  shape  for  many  hours. 

Von  Tappeiner's  own  theory  attempts  to  explain  the  fact  that  while 
oxygen  ts  necessary  for  a  toxic  effect  with  visible  light,  ultra-violet  rays 
are  harmful  in  its  absence.  He  believes  that  the  fundamental  phenom- 
enon, in  both  cases,  is  a  decomposition  by  which  groups  are  released 
which  can  be  oxidiied  by  light  in  the  presence  of  oxygen.  With  abort 
wave-lengths  this  decomposition  is  far-reaching  under  all  conditions 
whereas,  with  visible  light,  it  only  reaches  a  perceptible  dt^n'ee  when 
ox>-gcn  is  pretient  and  the  oxidiuble  decomposition  products  are  con- 
tinually removed  by  oxidation.  The  fluorescent  substances,  he  believes, 
hasten  the  oxidation  and  therefore  the  whole  process. 

This  explanation  still  leaves  the  r6le  of  the  fluorescent  aubstanoM  in 
a  very  vaRue  state  and  the  following  experiments  were  carried  out  in 
hopes  of  finding  some  clue  as  to  what  this  r6Ie  might  bo.  To  avoid  com- 
plications from  the  toxic  effects  of  acids,  rennin  was  chosen  as  the  sub- 
ject for  experimentation. 

Rennin  is  favored  by  a  slightly  acid  medium  and  ta  not  killed  by  heat 
under  a  temperature  of  5'>°C\ 

PREVIOl-8   WOKK   ON    HEXNIN 

Without  the  presence  of  a  nensitiung  substance  rennin  is  very  sensi- 
tive to  ultra-violet  Light  and  is  affected  ver>'  tittle  if  at  all  by  visible 
raytt.  Kmmerling  {5)  found  that  an  exposure  of  6ve  days  to  indirnrt 
sunlight  cuts  down  the  artivity  of  rennin  to  one-half,  exposure  to  direct 
sun  to  onMhird.  Hertel  (6)  found  that  the  waves  of  X  (wave  length) 
2K(W  are  very  destructive  to  rennin  and  Schmidi -NVilson  (7)  found 
that  (Hi  per  cent  of  the  total  effect  of  a  quartE  mercurj-  are  on  reimin  is 
due  to  waves  of  X  {22U  -•  2.H>i|<fi. 

Kifgnor  iN)  and  t^uirinfc  lU),  two  pupil.-*  of  V.  Tiipi)eim*r.  inveKtigated 
the  effect  of  light  on  ri'imin  in  the  pn"*4-nce  of  fluontx-ent  sulnttanees. 
The)-  found  a  xirong  inhibitive  action  in  the  prcKcnee  of  sult!>taaoM  of 
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the  fluorescein  group  and  a  measurable,  though  small,  effect  with  the 
anthracene  group,  magdala  red  and  methylene  blue.  Negative  results 
were  obtained  with  substances  of  the  acridine,  phenazin  and  naptha- 
lene  groups,  with  quinoline  dyes  and  aesculin. 

Huber  (10)  in  a  paper  on  the  sensitizing  effect  of  fluorescent  sub- 
stances, gives  some  inter^ting  experiments  on  the  effect  of  eosin  and 
erythrosin  on  rennin  ferment.     He  gives  the  following  results: 

1.  While  a  given  rennin  solution,'  containing  eosin  or  erythrosin,  is 
unaffected  as  long  as  it  remains  in  the  dark  and  will  clot  milk  in  ten 
minut«8,  on  exposure  to  Ught  its  activity  is  decreased  so  that  the  clot- 
ting does  not  occur  for  an  hour  or  more. 

2.  The  same  result,  though  to  a  very  much  smaller  degree,  was  ob- 
served when  the  eosin  or  erythrosin  was  added  to  milk  and  exposed 
and  the  rennin  added  subsequently. 

3.  When  the  eosin  or  erythrosin  was  exposed  alone,  and  then  added 
to  the  milk  and  rennin,  no  weakening  of  activity  was  observed. 

4.  The  presence  of  air  favored  the  toxic  effect  of  eosin  and  light  but 
there  was  still  a  large  effect  when  air  was  excluded. 

5.  Under  screens  of  eosin  and  erjrthrosin  solutions  the  effect  of  light 
is  diminished  but  still  large. 

6.  The  toxic  effect  of  light  on  eosin  and  rennin  is  permanent,  since 
a  solution  exposed  and  kept  overnight  has  the  same  action  as  one  to 
which  milk  is  added  immediately  after  exposure. 


In  the  following  experiments  a  solution  was  made  from  one  Hansen's 
junket  tablet  to  30  cc.  of  distilled  water.  To  5  cc.  of  this  solution  defi- 
nite amounts  of  solutions  of  eosin  and  other  substanceswereadded. 
The  solution  was  exposed  to  direct  sunlight  in  an  open  beaker  and  tben 
added  to  15  cc.  of  milk  at  a  temperature  of  30°C.  The  mixture  was 
placed  in  a  thermostat  at  37°C.  and  the  time  of  clotting  observed.  The 
oonirole  of  5  cc.  exposed  junket  solution  and  15  cc.  of  milk  clotted  in  5  ^ 
8  minutes. 

In  experiments  with  color  screens  of  absorbing  solutions,  the  rennin 
solution  was  pkced  in  a  small  flat  dish  and  a  slightly  larger  dish,  cov- 
ered and  filled  with  the  absorbing  solution,  was  placed  on  top.  The 
sideB  of  the  bottom  dish  were  blackened  so  that  the  light  came  only 
through  the  absorbing  screen.  With  colored  gjass  screens  the  upper 
dish  was  replaced  by  the  glass. 
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BSBULTB 

The  effect  of  heat  was  first  tried  and  the  results  are  given  in  table  1. 

There  is  therefore  no  destructive  effect  frcKn  beat  under  55°C.  and 

as  the  experiments  were  conducted  in  cool  weather  the  temperature, 


TABLE  1 

SJtel  o/  Ami 


:.  reDoin  •olution  heated  to  GO*C 

).  reooln  aolutioD  +  O.OOOfi  gnm  eosin  bekted  to  GO*C. 

I.  rannia  Bolution  hekted  to  &5*C 

!.  mmii)  aolutioQ  +  0.0005  gram  eosia  bested  to  ftS'C. 

I.  rennin  lotutioii  heated  to  60*C , 

I.  raaaiD  aolutioD  +  0.0009  grun  eoain  heated  to  flO'C. 


even  in  direct  sunlight,  was  always  imder  3(fC.  and  there  were  no  com- 
plications from  beat. 
The  cAect  of  acid,  alkali  and  alcohol  is  shown  in  table  2. 


TABLE  I 
Effect  of  atid,  alkali  and  aUokol 


Sec. 
Soe. 


rannia  aolutioo . 

rannin  aolution  +  0.5  te.  O.I  per  cent  NaOH 
rennin  aolution  +  1.0  cc.  0.1  per  rent  NaOH 
rannin  aolution  +  O.S  cc.  0.1  per  cent  HiKO.. 
rannin  aolution  +  1.0  ee.  0.1  per  c«nt  H|80( 
rannin  aolution  +  0.3  ec.  I  per  cent  HrfW.  . . 
rannin  aolution  +  0.4  cc.  1  per  cent  HiS<>,. . . 
rannin  aolution  +  0.5  cc.  95  per  cent  alcohol, 
rannin  aolution  +  t.O  ec.  95  per  cent  alcohol 


Since  the  activity  of  rennin  is  favored  by  an  acid  and  hindered  by  an 
alkaline  medium,  and  unaffected  by  alcohol,  it  was  possible  to  try  the 
effect  of  several  substances  that  are  soluble  in  alcohol  and  not  in  water. 

The  fact  that  eosin  is  harmless  except  on  exposure  to  Ught  ia  abown 
in  Ubie  3. 
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TABLE! 
Egecl  of  eorin  in  dark 


6  cc.  rennin  solution  in  dark  S  haura 

6  cc.  rennin  solution  +  O.00D5  gram  eoain  in  d&rk  5  hours 

6  cc.  rennin  solution  +  O.OOI  gram  eosin  in  dark  5  hours 

5  cc.  rennin  solution  +  O.OOOfi  gram  eosin  in  dark  48  hours  — 
fi  cc.  rennin  solution  +  0.001  gram  eosin  in  dark  48  hours 

Huber  (10)  found  tliat  previously  illuminated  eoein  is  bannless  and 
that  the  toxic  effect  refiulting  from  exposure  of  eosin  and  rennin  is  perma- 
nent. These  conclusions  are  confinned  by  the  results  given  in  tables 
4  and  5. 

TABLE  4 

Effect  of  premovtlji  illuminated  eotin 


0.001  gram  eosin  (water  solution)  3}  hours  si 
0.001  gram  eoein  (water  solution)  If  hours  m 


1  (retuun  added  later). 
I  (rennin  added  later). 


TABLES 
Permaneney  of  toxic  effect* 


-„.„„„.™ 

».„«. 

KTU  ADDBD 

AtraasTAMD. 

Tuafocun 

1{  hours 
3|  hours 
50  minutes 
U  hours 

Same 
Same 
Same 
Same 

6  cc.  rennin  solution  +  0.001  gram  eosin, 

3]  hours 

S  cc.  rennin  solution  +  0.001  gram  fluor- 

See.  rennin  solution  +0001  gram  methyl- 

After  these  preliminary  experiments  special  ones  were  undertaken 
with  a  view  to  determining  what  rdle  fluorescence  plays  in  the  effect. 

If  fluorescence  is  the  determining  factor  one  would  expect  the  following 
results : 

1.  All  fluorescent  substances  should  be  harmful,  when  wave-lengths 
capable  of  stimulating  fluorescence  are  used,  and  non-fluorescent  sub- 
stances should  be  harmless. 
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2.  A  Btronxly  fluorescent  substance  should  be  more  toxic  than  one 
in  which  the  fluorescence  is  weak  or  barely  perceptible. 

3.  The  wavelengths  of  light  which  stimulate  maximum  fluorescence 
sbould  give  the  maximum  toxicity. 

To  test  the  first  point  a  number  of  Kubstances  were  examined.  The 
following  gave  negative  results:  Congo  red,  methyl  green,  fuchsine, 
neutral  red,  methyl  orange,  chlorophyll  (alcoholic  solution),  quinine 
sulphate  (faintly  acid  solution),  gentian  violet,  resorcinol  and  haemato- 
porphyrin.  Of  these,  chlorophyll  and  quinine  sulphate  show  strong 
fluorescence;  congo  red,  neutral  red  and  haematoporphyrin  weak  fluor- 
escence. Toxicity  in  the  presence  of  light  was  found  to  be  ver>-  marked 
for  eosin  and  eiythroeio  and  present,  though  weak,  for  fluorescein  and 
methylene  blue  all  of  which  are  fluorescent.  It  was  also  found,  aswUI 
be  given  in  detail  later,  that  a  non-fluoreflccnt  emulsion  of  silver  bro- 
mide and  rennin  solution  was  toxic  in  the  light.  So  all  fluorescent 
substances  are  not  harmful  and  all  non-fluoresrent  substances  are  not 
hannless. 

As  to  the  second  point,  experiments  have  been  carried  out  by  V. 
Tappeiner  (!)  on  the  relation  between  the  degree  of  fluorescence  and 
the  amount  of  toxicity  for  paramoccia.  He  found  that,  with  any  given 
substance,  the  toxicity  changed  in  the  same  direction  aa  the  fluorescence. 
For  example,  they  both  decrease  with  the  addition  of  salt  to  quinine 
sulphate.  But,  except  for  this,  there  was  no  connection.  Fluorescein 
is  ver>'  fluorescent  and  not  ver>'  harmful  while  the  opposite  is  true  of 
anthraquinone. 

And,  in  the  case  of  substances  of  the  fluorescein  group,  the  toxicity 
actually  increases  with  decrease  in  fluorescence  as  is  shown  in  the  fol- 
lowing table  from  Von  Tappeiner's  work  (11)  (table  6). 

I  obtained  a  similar  renult  with  the  fluor<>Hrein  groups  and  rennin 
(table  7). 

Fluon-ficcin  shows  even  less  toxicity  than  methylene  blue,  a  weakly 
fluorescent  wubatance  of  another  group  (see  table  8). 

."Ml  far  there  would  s<'em  to  be  no  evidence  that  fluorescence  is  the 
controlling  factor  in  phutiHlynamic  action  on  rennin.  The  thinl  point 
to  Im-  icHt<.><l  L«,  however,  the  dtn-isive  one  and,  in  the  ciutc  of  eoHin,  the 
WHV<-lcngtlis  giving  maximum  fluoreitcence  are  well  known.  Nichols 
and  Mcrritt  (12j  made  a  can'ful  stwiy  of  the  fluon'scent  spectra  •  f  a 
nunilxTof  fiub^tunccs  with  the  sjH-i'trophotomctcr  in  order  to  tpst  tha 
Viitidity  (if  .•^toki.s'  Ihw  ci.<'.,  the  fliionscciit  light  in  always  of  greater 
wiiv4-li'iiK<h  tliiin  the  cxrititig  Light).     Among  IhcM-  sul>stances  they 
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tried  eosin  in  dilute  alcoholic  solution.  Their  curves  showing  the  dis- 
tribution of  intensities  in  the  fluorescent  spectnim,  for  different  wave- 
lengths of  exciting  light,  are  reproduced  in  figure  1.    The  maximum 


.,_..™ 

"""iss— 

lOXICtTTTO 

CIAIHDD- 
ri««  DAT- 

IH  t>ABK 

-1) 

Toncmr 

Fluorescein 

Very  etroog 
Strong 
Moderate 
Weak 

1  Only  perceptible 
j     with  lens  in  sun 
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Tetraiodo  fluoreeoein  (erythrosia) 

89 

89 

TABLE  7 

.»^o.>Tn.. 

TI»»CU» 

5  cc.  renuin  solution  +  fluorescein  0.001  gram. . . 
5  cc.  rennin  solution  +  erythrosin  (Utraiodo 

8  minutes 
12  minutes 
15  minutes 

12  minutes 

5  tm.  rennin  solution  +  eosin  (letrabrom  fluor- 

hours 

TABLES 

.»o..n.nM> 

1)  boun          1           2i  bcnin 

TOHTOCLOT 

5  cc.  rennin  solution  +  methylene  blue  (0,001 

20  minutes 
30  minutes 

fiO  minutes 
li  hours 

gr 

wave-length  of  the  fluorescent  light  and  the  distribution  of  intensity  in 
the  fluorescent  band,  are  independent  of  the  wave-lei^h  of  the  exciting 
light,  but  the  maximum  intensity  of  fluorescent  light  for  eosin  is  given 
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by  X  S90  +  in*  for  the  exciting  light  which  is  greater  than  SSOmi,  the  w»ve- 
length  of  mudmimi  intensity  of  fluorescent  light  (&  contradiction  of 
Stokee'  Uw).  With  decreasing  wave-lengths  the  intensity  of  the  8uor- 
escent  light  diminishes. 
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fig.  I.  Th«  fluorMcpnrp  apertrum  of  rosin  when  the  cxritinit  Ituht  li««  io  dif- 
Trrrnt  rrcion*  of  tli«  ■p(>rtrum,  Ordinfttva  ipve  th«  int«nMly  or  Buonwrenre  uid 
■ImriMar  tbr  wavr-len|tths,  Curvr^  wui  obtuDrd  when  thrrxfiiinR  M^i  wm 
ron6nFd  to  the  reKion  markrd  A  on  thr  axia  of  wave-lrriKlha.  D  -  Traium 
rurre  of  eoain.    VVrtiral  acale  arbitrary.    Horiiontal  scalp  in  w>  *  0,000001  o 


Hulter,  in  bis  experiments  with  reanin  and  eosin,  found  that  an 
eottin  screen  did  not  rut  down  the  effect  of  light  to  any  great  extent. 
Thin  is  interesting  as,  in  general,  for  any  photochemical  or  fluorescent 
effect,  one  would  expect  only  the  wave-lengths  absorbed  by  the  aub- 
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stance  itself  to  be  effective.  However,  since  the  results  of  Nicbols  and 
Merritt  show  that  the  maximum  fluorescence  of  eosin  is  caused  by 
wavelengths  just  to  the  red  of  the  absorption  band,  the  results  given 
by  Huber  may  not  be  in  disagreement  with  the  theory  that  fluorescence 
is  the  costrollii^  factor  in  photodynamio  action  on  rennin.  In  order  to 
find  just  which  wave-lengths  are  most  injurious,  5  cc.  of  rennin  solution 
+  O.OOI  gm.  of  eosin  or  eiythrosin,  was  exposed  to  sunlight  behind 
screens  of  methyl  red,  potassium  bichromate,  chrome  alum,  cupram- 
onium  and  eosin  (or  erythroeiQ}.  These  substances  have  the  follow- 
ing transmission  in  the  visible. 

Methyl  red XXeOOwi— *890w 

Potaaaium  bichromate XX  SOO  w  -*  9K>  f^i 

Chrome  alum U450w-*6S0«ifi 

Cuprammonimn XX  420  hi*—*  520  li/i 

Eosin,  in  moderately  dilute  solutions,  cuts  off  eveiything  below  X 
S50m(  in  the  visible,  but,  with  a  very  dilute  solution,  there  is  partial 
transmission  from  X  460wt  to  X  420>i^. 

Eiythrosin,  moderately  dilute,  cuts  out  eveiything  below  X560^/i 
but,  when  more  dilute,  gives  weak  transmission  from  X420/im  to  X480w>. 

The  glass  screens  used  were  more  dense  than  the  solution  screens  and 
required  longer  exposure.    They  showed  the  following  traiiHiiiission: 

RedgloM XX680wi  -♦«»«. 

Yellow  glasB XX  680  «>  -♦  SIO  wi 

Green  glaas XX  620  w»— *  480  n/i 

Blueglaw  (cobalt) XX6I0«*  -*420wi 

With  a  faint  trangmiseioD  band  at X  600  f^i 

If  the  effect  is  one  due  to  fluorescence  the  maximmn  effect  for  eosin 
would  be  expected  behind  the  potassium  bichromate  screen.  There  is 
unforttmately  no  definite  investigation  giving  the  maximum  stimulat- 
ing wave-length  for  erjrthrosin.  It  has  a  yellowish-green  fluorescence 
and  the  stimulating  wave-lengths  would  probably  lie  is  the  green  and 
blue.  Experiments  with  the  color  screens  give  the  results  of  tables  9, 
10,  11  and  12. 

As  eosin  has  no  absorption  band  in  the  ultra-violet,  one  would  expect 
no  greater  inhibition  in  that  region  with  eosin  and  rennin  than  with 
rennin  alone.    Experiments  with  a  quartz  mercury  arc  confirmed  this. 

No  color  screen  experiments  were  tried  with  fluorescein  and  methyl- 
ene blue  as  they  showed  such  a  small  effect.  With  eiythrosin  and 
eosin  the  maximum  inhibition  was  found  in  the  blue  and  green,  green 
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TABLE* 
I   iO.OOI  gram  tn  5  ee.  rrnnin  totulinn)  iiilul 
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RcdtcKen.  .. 
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Blue  screen... 
Eoflio  aoreen,. 
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22 
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25 

13 

45 

45 
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no 

60 

00 

35 

50 

flO 

300 

83 

210 

35 

28 

15 

15 

12 

IS 

18 

TABLE  II 


Clutlinft  time  (minutc«l 
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%bt  being  most  effective  for  erythrosin  and  blue  for  eosin.  In  the 
case  of  erythrosin  this  would  be  consistent  with  the  theory  that  fluor- 
escence is  the  primary  cause  of  inhibition.  The  results  with  eosin, 
however,  show  very  definitely  that  this  is  not  true  as  the  most  marked 
inhibition  is  due  to  blue  light,  which  gives  but  faint  fluorescence,  and 
the  yellow  light  that  stimulates  maximum  fluorescence  is  almost  harm- 
less. No  attempt  was  made  to  detennine  the  relative  amounts  of 
enei^  transmitted  by  the  different  screens. 

TABLE  II 
Erylkroain  (glaag  acrtens).     Exposure  lime  i  how»  tun 


=*™«,TD.,.(-™c^ 

-..K 

Red 

5 
10 
25 
15 

5 
8 
10 
12 

8 
8 
30 
20 

10 
20 
15 
26 

8 
8 
16 
12 

DI8CD8SION 

There  is  unfortunately  no  generally  accepted  theory  of  fluorescence. 
The  most  comprehensive  one  so  far  proposed  is  that  first  suggested  by 
Wiedemann  (13)  in  1889,  and  later  modified  and  extended  by  Wiede- 
mann and  Schmidt  (14),  According  to  this  theor>'  some  chemical  or 
physical  change  is  produced  in  a  luminescent  substance  during  excita- 
tion and  the  emission  of  light  is  an  accompaniment  of  a  more  or  less 
gradual  restoration  of  the  modified  substance  to  its  original  condition. 
That  is,  undei^the  action  of  light,  a  portion  of  the  substance  is  changed 
from  a  stable  condition  A  to  an  unstable  condition  B.  Luminescence 
may  be  due  to  the  vibrations  set  up  during  the  change  A  —»  6  or  to  the 
fact  that  the  reaction  B— *A  proceeds,  during  excitation,  with  the  emis- 
sion of  light.  According  to  this  theory  fluorescence  is  primarily  a  photo- 
chemical phenomenon.  It  would  seem  reasonable  to  suppose  that, 
while  in  the  unstable  state  B,  some  fluorescent  substances  might  be 
harmful  and  some  not,  depending  on  what  by-products  were  formed  in 
the  changes  A  «=*  B.  In  this  case  one  might  look  for  a  hannful  pho- 
tochemical effect  in  both  fluorescent  and  non-fluorescent  substances,  but 
with  the  chances  in  the  favor  of  effective  substances  being  fluorescent, 
since  all  fluorescent  materials  are  subject  to  photochemical  action. 

A  very  familiar  photochemical  reaction  is  that  which  takes  place 
with  a  photographic  plate.    A  plate  coated  with  silver  bromide  alone. 
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and  exposed  to  light  is  acted  on  to  form  free  bromine  but,  when  a  cer- 
tain amount  ia  fottned,  a  stationary  balanced  condition  is  reached  owing 
to  the  recombination  of  silver  and  bromine.  Such  a  plate  would  be  of 
very  little  use  in  photography,  being  comparatively  insenntive.  If, 
however,  a  subatanoe  such  as  gelatine  is  present,  which  comlunes  with 
the  brcHDine  as  it  ia  formed,  a  much  greater  deoompodtjon  of  the  silver 
bromide  takes  place. 

Probably  the  action  of  light  on  eosin  is  entirely  similar.  When  ex- 
posed to  light  it  undergoes  the  transformation  A  ^  B.  Unlen  some 
substance  is  preaent  to  take  up  the  harmful  dissociation  products  as 
they  are  formed,  the  reaction  soon  reaches  equilibrium  and  little,  if 
any,  permanently  toxic  subetanoe  is  formed.  This  would  explain  the 
fact  that  previously  illimiinated  eoein  is  harmless  (see  table  4).  If  bow- 
ever  eoein  and  rennin  are  exposed  together  the  rennin,  acting  like  the 
gelatine  of  the  photographic  plate,  takes  up  the  toxic  substances  as 
they  are  formed  and  the  reaction  proceeds  much  further. 

TABUCU 


cc.  rennin  •olution 

ec.  rannin  aolution  +  O.S  frUD  AgBr   3  houn  dmrk 

cc.  rennin  ■olution  +  O.S  pun  AgBr  30  hours  dark 

c«.  rennin  aolution  +  O.S  irain  AgBr    3  hours  modarsM  aun. 
cc.  rennin  •olution  +  0.5  mm  AfBr   3  hours  bri^t  ■uo  - . 


Now  eosin  and  erythroain  are  both  very  toxic  whereas  fluorescein,  from 
which  they  are  derived,  is  comparatively  harmless.  Since  eosin  is  tetra- 
brom  fluorescein  and  erytbrosin  is  tetraiodo  fluorescein,  the  presence  of 
the  halogens  must  account  for  the  difference.  Probably  the  action  of 
lij^t  results  in  freeing  bromine  and  iodine,  or  some  simple  compound 
of  these  subetances  and  these,  being  taken  up  by  the  rennin  as  they  are 
formed,  destroy  its  activity. 

The  experiment  was  tried  of  adding  free  bromine  and  iodine  to  the 
rennin  solution  and  in  both  cases  its  activity  was  greatly  inhibited,  es- 
pecially in  the  case  of  brtHnine  where  the  smallest  trace  produced  a 
strong  effect.  If  the  inhibition  ia  due  to  the  action  of  free  halogens  on 
rennin  one  would  expect  an  emuldion  of  silver  bromide  to  be  harmful 
to  rennin  in  the  light  and  not  in  the  dark.  Experiments  with  silver 
bromide  gave  the  following  resultii  which  definitely  confirm  the  view 
given  above  (table  13). 
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A  direct  proof  of  the  formation  of  free  iodine  from  erythrosin  under 
the  action  of  sunlight  was  tried  by  adding  starch  to  a  solution  of  ery- 
tbrosiD  both  with  and  without  the  renntn.  The  results  however  were 
negative  as  shown  in  table  14. 

This  probably  means  that  in  the  case  of  erythrosin,  the  harmful  dis- 
Bociation  product  formed,  under  the  action  of  sunlight,  is  not  the  free 
hali^n  but  a  toxic  halogen  compound. 


«-k.«.ol™o- 

"*?f„T^'"' 

BMDLTdllHOIIUlirH) 

5 

3 

5 
5  (diBtilled  waUr) 
fi  (difltUIed  water) 

0.001 
0.010 
0.100 
0.010 
0.100 

No  evident  d&rkenioK 
No  evident  darkening 
No  evident  darkening 
No  evident  darkening 

CONCLDSION 

These  results  seem  to  show  that  the  inhibition  of  rennin  by  light 
is  due  to  the  formation  of  toxic  substances  as  the  result  of  photochemical 
action.  This  photochemical  action  may  or  may  not  be  accompanied  by 
fluorescence  and  fluorescence,  always  an  evidence  of  photochemical 
action,  may  or  may  not  be  accompanied  by  the  formation  of  toxic 
substances. 

Id  the  cases  studied  here  the  toxic  effect  was  probably  due  to  the 
formation  of  free  halogens  or  toxic  halogen  compounds  though  doubtless 
other  harmful  substances  are  found  in  different  photochemical  reac- 
tions. Although  the  formation  of  free  halogens  or  toxic  halogen  com- 
pounds accompanies  the  fluorescence  of  eosin  and  erythrosin,  it  is  not 
directly  associated  with  it,  as  shown  by  the  color  screen  experiments 
with  eofiin.  The  change  A  *=^  B,  which  gives  rise  to  fluorescence,  isdue 
primarily  to  the  greenish-yellow  and  yellow  light  for  which  eosin  shows 
the  greatest  absorption.  The  change  which  results  in  the  formation  of 
free  halogens  is  apparently  a  subsequent  6  ^  C  or  accompanying  A4:^C 
effect  due  primarily  to  greenish-blue  and  blue  light  for  which  eosin 
shows  partial  absorption.  This  accounts  for  the  fact  that,  though 
strong  solutions  of  eosin  form  an  effective  screen  and  keep  the  exposed 
solution  from  being  inhibited,  a  wealc  solution,  which  lets  through  some 
radiation  in  the  region  X  460p^  to  X  420aiju,  will  allow  considerable  inhi- 
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bition  (see  color  screen  retiult^  and  Huber).  In  the  abfteoce  of  aomt 
substance,  such  as  rennin,  to  take  up  C  there  is  probably  little  reaction 
B  ;=t  C  or  A  ]=i  C  present,  and  the  chief  photochemical  change  takioft 
place  is  A  •=;  B,  whirh  is  accompanied  by  fluorescence. 
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The  purpose  of  this  investigation  is  to  determine  as  far  as  possible 
the  nature  of  the  effect  of  salt  solutions  on  the  chemical  sense  of  the 
dung-worm,  Allolobophora  foetida.  First  of  all  it  is  necessary  to  show 
whether  or  not  stimulation  by  some  salts  is  dependent  on  the  anions, 
since  investigations  so  far  have  been  in  favor  of  cations  only.  It  has 
been  found  that  in  the  case  of  four  salts  the  cations  were  responsible 
for  stimulation;  the  order  of  their  efficiency  was  as  follows:  KCX 
LiCl  <  NH*C1  <  NaCl  (Parker  and  Metcalf,  '06).  In  man,  however, 
the  sense  of  taste  as  regards  salt  solutions  is  found  to  be  dependent  upon 
cations  in  some  instances  and  upon  anions  in  others;  for  example,  with 
NaCl,  the  chlorine  ion  is  responsible  for  the  salty  taste,  while  with 
KCI,  the  action  of  the  cation  is  masked  by  the  potassium  ion,  which 
gives  a  bitterish  taste.  Therefore,  on  further  investigation  it  may  be 
possible  to  find  that  in  dung-worms  there  may  be  anions  that  are  efficient 
enou^  to  mask  the  effect  of  the  cations. 

To  carry  out  these  tests  an  apparatus  consisting  of  a  small  circular 
glass-table  standing  in  a  dish  of  the  solution  to  be  used  in  the  test  was 
employed  (fig.  1).  The  top  of  the  table,  T,  was  9  cm.  in  diameter,  and 
was  coated  with  paraffin.  It  was  attached  firmly  to  a  stand,  S,  made  of 
a  small  Petri  dish  2.6  cm.  in  height,  3.5  cm.  in  diameter  and  filled  with 
paraffin.  This  stand  was  fixed  to  the  center  of  a  lai^  Petri  dish,  D, 
15  cm.  in  diameter  and  3.5  cm.  in  height.  The  paraffin  used  had  a 
melting  point  of  62°C.  and  was  tested  for  its  acidity  by  the  method 
devised  by  Haas  ('16)  for  the  determination  of  the  output  of  carbon 
dioxide  by  plants.  In  preparing  to  test  the  worms,  about  450  cc.  of 
the  liquid  to  be  used  was  poured  into  the  large  Petri  dish  till  its  level, 
L,  was  within  3  mm.  of  the  top  of  the  table.  A  wet  filter  paper  with  a 
265 
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eoiooth  surface  was  then  placed  od  the  table  and  the  whole  apparatus 
was  put  io  a  tin  dish  containing  enough  water  to  rise  on  the  outside  of 
the  large  Petri  dish  about  2.5  cm.  The  temperature  of  the  room  and 
of  the  whole  apparatus  was  kept  approximately  constant  and  within 
one  degree  of  SO'C.  The  worm  was  then  gently  placed  on  the  table  by 
means  of  a  chopetick  and  allowed  to  crawl  toward  the  edge  and  finally 
to  enter  the  solution.  The  period  intervening  between  the  moment  the 
prostomium  of  the  worm  entered  the  solution  and  that  at  which  it  was 
withdrawn  was  recorded  by  a  -stop-watch.  This  interval  is  called  the 
reaction-time  of  the  worm  to  the  solution.  After  the  worm  had  been 
once  pUced  on  the  table,  it  was  not  touched  by  the  experimenter  till  an 
observation  had  been  made.  After  that  it  was  removed  from  the  table, 
rinsed  io  tapwater  and  kept  between  folds  of  wet  filter  paper  in  a  tumbler 
until  the  next  obeervation  was  to  be  made. 


T       ■ 

D  B 


Fi|t.  t.  Wrtird  •eclion  of  the  kppuatiu  twpd  in  ctptennininK  Ibr  wonn't  rc- 
■poruM  to  vkrioua  Buidfl.  D,  largp  Petri  dish;  L,  level  of  fluid* ;  N,  iisnd;  T, 
table  cOT^red  with  pandfio. 

The  various  worms  were  found  to  differ  in  their  reaclion*times  one 
from  another  to  such  an  extent  that  it  was  impocsible  to  draw  directly 
any  safe  conclusions  as  to  the  relative  efficiency  of  the  different  salt 
solutions  without  some  method  of  standardization.  A  0.2  molecular 
solution  of  KCl  was  therefore  urchI  as  a  standard  solution,  the  reaction- 
time  from  it  being  reganted  as  10  seconthi.  By  this  means  variations 
due  to  the  individual  differences  of  the  worms  were  laigrly  eliminated. 

To  prevent  the  sequence  in  which  the  worms  were  t<it1ed  and  the 
order  in  which  the  solutions  were  used  from  dijttorting  the  results,  the 
tCMfs  were  ma^le  in  the  order  of  the  numbon*  in  the  following  scheme 
arrengetl  for  three  worms  and  three  solutions  with  an  interval  of  fif- 
teen minutes  l)Ptwecn  olotervations  to  avoid  as  much  as  potwible  the 
after  effort  of  the  prenous  treatment  with  salt  solution. 
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In  obtaining  a  set  of  records  by  such  a  scheme  as  this,  twelve  worms 
of  equal  size  were  chosen,  three  to  be  used  in  each  of  four  sets,  whose 
averages  were  calculated  separately.  If  the  averages  for  the  f'our  sets 
agreed  within  the  experimental  error,  they  were  averaged  together  and 
from  such  final  averages  curves  were  drawn. 

The  general  method  here  outlined  has  the  following  advantages  over 
methods  used  by  previous  experimenters.  First,  since  the  worm  always 
enters  the  solution  by  extending  the  anterior  end  of  its  body,  its  pros- 
tomium,  which  is  its  most  sensitive  part,  is  always  fuUy  exposed  to  the 
solution.  The  records  obtained  are,  therefore,  records  of  the  effect 
of  the  salts  on  the  extended  prostomium.  Secondly,  this  method 
avoids  handling  the  worm  immediately  before  a  reaction-time  is  taken. 
Thirdly,  the  response  observed  represents  very  closely  a  true  reaction- 
time,  since  there  are  no  mechanical  obstructions  for  the  worm  to  over- 
come as  with  the  fence-method  devised  by  Shohl  ('14). 

To  test  the  efficiency  of  the  anions,  six  potassium  salts  were  chosen ; 
namely,  the  nitrate,  chloride,  acetate,  sulphate,  tartrate  and  citrate. 
The  acetate,  tartrate  and  citrate  were  tested  for  their  alkalinity  by 
the  following  method.  The  standard  solutions  with  a  known  amount 
of  indicator,  phenolsulphonephthalein,  were  made  up  by  different  mix- 
tures of  buffer  solutions  to  represent  different  pH  values.  The  same 
amount  of  the  indicator  was  added  to  the  test  solution  and  the  color 
was  matched  with  the  standard  solutions.  In  this  way  it  was  possible 
to  determine  how  much  acid  to  add  in  order  to  bring  the  pH  value  to 
7.0.    The  amount  of  acetic,  tartaric  or  citric  acid  added  for  the  neu- 
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tralization  was  not  enough  to  change  the  dissociation  percentage  of 
the  Baits  sufficiently  to  interfere  with  the  experiments.  Figures  2,  3 
and  4  show  the  efficiency  of  the  six  potassium  salts  tested.  The  rela- 
tive reaction-times  in  seconds  are  applied  as  ordinates  and  the  molar 
concentrations  as  abscissae.  At  the  concentration  that  brings  about 
a  relative  reaction-time  of  about  twenty  seconds,  the  worms  are  fairly 
indifferent  to  the  solutions,  so  that  the  relative  reaction-times  become  too 
inconstant  for  an  accurate  computation.  On  the  other  hand  at  the 
concentration  that  gives  the  relative  reaction-time  of  nine  seconds,  the 
reactions  become  so  rapid  that  it  is  difficult  to  record  them  without 
considerable  error.  For  this  reason,  in  drawing  comparisons  of  the  ef- 
ficiency of  six  salts  it  was  necessary  to  choose  concentrations  which 
brought  about  relative  reaction-times  rangiDg  from  nine  to  sixteen 
seconds.  On  interpolating  eight  points  between  nine  and  sixteen 
seconds,  and  calculating  the  relative  number  of  potassium  ions  from  the 
dissociation  percentages  of  a  given  salt,  it  is  made  evident  that  in  case 
of  nitrate,  acetate,  chloride  and  sulphate  the  number  of  potassium  ions 
is  approximately  equal;  therefore  in  these  salts  the  potassium  must  be 
responsible  for  the  stimulation.  However,  with  the  tartrate  and  the 
citrate,  the  amount  of  potassium  ions  is  in  all  probability  too  small  to 
attribute  the  effect  to  the  cations. 

The  nature  of  the  action  of  the  solutions  of  potassium  salts  as  de- 
pendent on  the  amount  of  the  reacting  substance  present  is  susceptible 
of  further  proof  as  seen  in  the  successive  exposures  of  the  worms  to  the 
potassium  salt  solutions,  sucrose  solutions  and  water  (both  tap  and 
distilled).  The  only  modification  of  the  method  described  in  the  earlier 
part  of  the  paper  consisted  in  using  for  these  tests  a  broader  and  deeper 
dish  to  hold  the  solution  and  a  higher  stand  to  carry  the  table.  These 
changes  prevented  the  worms  from  coming  in  contact  with  any  part 
of  the  dish  even  when  distilled  water  or  a  solution  of  sucrose  was  used , 
to  which  the  worms  react  more  or  less  indifferently.  In  making  the 
t«sts,  the  worms  were  allowed  to  dip  in  and  out  of  the  solution  in  suc- 
cession with  an  interval  of  less  than  ten  seconds;  the  reaction-times,  as 
in  previous  tests,  were  taken  with  a  stop-watch.  On  comparing  the 
reactions  thus  obtained  with  those  to  salt  solutions,  sucrose  solutions 
and  water,  two  types  may  be  distinguished.  One  type  is  characteristic 
of  those  concentrations  of  the  potassium  salts  that  bring  about  an  initial 
acceleration  in  the  reaction-time,  as  indicated  for  0.1  molecular  potas- 
sium chloride  solution  in  table  1.  Here  it  will  be  seen  that  the  reac- 
tion-times are  at  first  long  and  become  successively  shorter  and  shorter. 
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These  two  types  are  easily  contrasted  if  the  '^'*^l  oll^rion^ime/ 

of  the  successive  reactions  are  plotted  in  sequence  (figs.  5  and  6).    The 


Fig.  S.  Successive  reactions  of  worms  sbowing  initial  acceleration.  This  typo 
of  reaction  u  characteristic  of  the  stronger  coaeentrationa  of  potassium  sijta. 
"Hiis  graph  ia  drawn  from  the  first  series  in  table  1  (0,1  molecular  potassium  chlor- 
ide).   The  rates  l-sz — T T —  )  *'*  plotted  as  ordinateB,  and  the  sequence  of 


inll 


iliijii 


ULffl 


Fif(.  6.  Successive  reactions  of  worms  showing  no  initial  acceleration.  This 
type  of  reaction  is  characteristic  of  the  weaker  concentrations  of  potassium  salts, 
of  sucrose  solutions  and  of  water.  This  graph  is  drawn  from  the  fifth  aeries  in 
table  1  (water  20°C.).  The  rates  (  g—t|—n^  1  are  plotted  as  ordinstea  and 
the  sequence  of  reactions  as  abscissae. 

first  type  is  illustrated  in  figure  5,  which  is  a  plotting  of  the  rates  of  the 
eOccessive  reaction-times  in  the  first  series  of  table  1,  viz.,  0.1  molecular 
potassium  chloride.    The  reaction  is  at  first  slow  but  after  a  few  such 
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dow  reactions,  ftcceleration  takes  place  and  the  reactions  become  very 
rapid.  An  equitibrium  ie  then  established  for  a  number  of  sucrensive 
reactions,  after  which  the  slow  rates  sntdually  reappear.  The  second 
type  is  represented  in  Gf[ure  6,  a  plotting  of  the  rates  of  the  successive 
reaction-times  in  the  fifth  series  in  table  1,  distilled  water  at  20°r. 
This  type  is  illustrated  not  only  by  distilled  water  but  also  by  the  solu- 
tions of  sucrose  and  the  weaker  solutions  of  salts.  To  these  fluids  the 
worma  react  more  or  less  indifferently;  at  times  they  will  remain  in 
the  solution  for  a  considerable  period,  while  in  many  cases  they  will 
withdraw  from  the  liquid  in  less  than  three  seconds;  but  there  ia  never 
a  definite  acceleration  in  the  reaction-time  such  as  is  seen  in  the  first 
type.  This  irregularity  in  the  reaction  may  be  interpreted  as  meaning 
that  these  non-aquatic  wonns  are  being  exposed  to  liquids  of  minimum 
stimulatory  efTect.  In  weaker  solutions  of  salt,  for  example  O.OI  molecu> 
lar  solution  of  potaxsium  chloride  (table  1),  the  worms  make  a  complete 
entrance  into  the  solution  more  frequently  than  is  the  case  with  dis- 
tilled water. 

Although  in  some  series  the  experiments  were  carried  as  far  as  three 
hundred  reactions,  no  acceleration  took  place,  thus  proving  that  at  such 
a  concentration  the  amount  of  reacting  substance  is  insufficient  to 
bring  about  the  tjT>e  of  reaction  characteristic  of  the  stronger  con- 
centration of  Ihc  salt  solutions  before  the  appearance  of  the  muscular 
fatigue  which  would  naturally  prevent  any  further  continuation  of  the 
experiment. 

Furthermore  the  above  experiments  with  sucrose  and  water  show 
that  osmotic  presHure  is  not  a  significant  factor  in  the  scnsorj'  simula- 
tion of  the  womin,  since  all  yielded  ew<entially  the  same  n-sult.  Of 
much  more  importance  is  the  fact  that  the  solutions  ju8t  mentioned 
show  a  marked  difference  in  relation  to  the  efftx-f  <in  the  womis  as 
oompanHl  with  the  salt  solutions.  What,  then,  is  the  raUM*  of  such  a 
difference?  Is  the  accrtrration  brought  about  by  the  diriTt  combina- 
tion of  the  receptive  protoplasm  with  the  salts  or  by  the  sulwtanre 
fomicfl  as  a  result  of  muscular  activity?  To  test  this,  the  worms  were 
tricfl  out  under  different  tcmpcratun's.  At  40°(\  the  worms  reacted  to 
distilled  water  by  instant  withdrawal  as  if  it  wen'  a  ver>'  strong  solu- 
tion of  xalt,  for  example,  Q.H  moWular polassiimi  chloride.  A  temper- 
ature was  thcrfforcchoM'n  at  which  the  worms  did  not  react  instan- 
taneously but  at  which  their  muscular  act>\-itii's  were  considermbly 
greater  than  at  the  tcnipcnitun-M  in  which  the  fonncr  experiments  were 
carried  out.     On  succi'iwive  exiHmm'  of  the  womis  to  distilletl  water 
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at  SS'C.  (table  1),  whUe  the  room  temperature  was  20''C.,  no  initial 
acceleration  in  the  reaction-time  took  place,  but  a  type  of  reaction  similar 
to  that  brought  about  by  the  distilled  water  and  sucrose  solutions  at 
20°C.  occurred.  This  indicates  that  the  acceleration  is  not  due  to  the 
products  of  muscular  activity  but  must  result  from  the  specific  action 
of  the  salt  on  the  protoplasm  of  the  sensory  cells. 

This  conclusion  is  further  supported  by  the  following  experiments. 
When  a  worm  that  had  been  stimulated  by  a  salt  solution  to  the  point 
at  which  its  reaction-time  was  shortest  was  transferred  to  a  dish  con- 
taining distilled  water  of  the  same  temperature  as  that  of  the  salt  solu- 
tion, its  reactions  were  no  longer  nearly  instantaneous,  but  were  like 
those  brought  about  by  distilled  water  under  ordinary  conditions  (table 
2,  worm  A).  But  when  the  same  worm  was  again  transferred  to  the 
salt  solution  the  very  short  reactions  characteristic  of  the  action  of  the 
salt  was  at  once  resumed.  In  this  way  the  worm  was  transferred  back 
and  forth  several  times  with  the  same  result.  On  the  other  hand  when 
a  worm  (table  2,  worm  B)  was  first  exposed  to  distilled  water  for  about 
twenty-five  reactions  and  then  transferred  to  the  salt  solution,  the 
instantaneous  reaction  did  not  take  place  at  once  but  appeared  only 
after  the  worm  had  been  dipping  in  and  out  of  the  salt  solution  for 
about  twelve  reactions.  Thus  it  is  clearly  seen  that  the  acceleration  is 
brought  about  only  by  the  action  of  the  salt  at  proper  concentration 
and  not  by  distilled  water.  Furthermore,  the  reaction-time  once  ac- 
celerated by  the  action  of  the  salt  cannot  persist  except  in  the  presence 
of  the  stimulating  medium;  when  the  salt  solution  is  replaced  by  dis- 
tilled water,  the  acceleration  of  the  reaction  at  once  disappears  and  is 
resumed  only  in  presence  of  the  salt  solution. 

When  the  same  method  of  procedure  was  applied  in  the  case  of  the 
weaker  solutions  of  salt,  for  example,  0,01  molecular  potassium  chlo- 
ride, into  which  the  worms,  as  has  already  been  mentioned,  make  com- 
plete entrance  much  more  frequently  than  into  distilled  water,  the  differ- 
ence in  the  reaction  between  such  concentrations  of  salt  and  distilled 
water  was  clearly  marked  (table  2,  worms  C  and  D). 

Thus  it  is  made  evident  by  the  above  experiments  that  sensory  stim- 
ulation by  potassium  salts  is  due  to  the  specific  action  of  the  salt,  de- 
pendent essentially  on  the  amount  of  the  reacting  substance  present, 
and  furthermore  that  such  action  may  be  distinguished  from  that  of 
distilled  water  and  sucrose  solution. 

The  writer  acknowledges  her  indebtedness  to  Dr.  G.  H.  Parker,  under 
whose  supervision  this  work  was  carried  out. 
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1.  A  new  method  for  the  detennioation  of  the  effect  of  Bolutions  on 
worms  IB  described. 

2.  On  comparing  the  efficiency  of  six  potassium  salts  on  the  sensory 
cells  of  the  dung-wonn,  Allolobophora  foetida,  it  is  found  that  the  ef- 
fect of  the  nitrat«,  chloride,  acetate  and  sulphate  is  dependent  on  the 
amount  of  cations  present,  while  in  case  of  tartrate  and  citrate  the 
amount  of  potassium  ions  is  too  small  in  all  probability  to  attribute 
the  effect  to  the  cations. 

3.  Od  successive  exposures  of  the  worms  to  the  potassium  salt  solu- 
tions of  stronger  concentrations  (for  example,  0.1  molecular  potassium 
chloride),  an  initial  acceleration  in  the  reaction^time  takes  place.  The 
reactioD-times  are  at  first  long  and  become  shorter  and  shorter  until 
equilibrium  is  established,  after  which  the  reaction-time  becomes  long 
again. 

4.  On  successive  exposures  of  the  worms  to  the  weaker  concentra- 
tions of  potassium  salt  solutions  (for  example,  0.01  M.  potassium  chlo- 
ride), to  distilled  water  and  to  sucrose  solutions,  no  initial  acceleration 
in  the  reaction-times  takoti  place. 

5.  When  the  worms  in  succcMsive  Hcries  are  exposed  to  the  distilled 
water  at  SS^C,  while  the  room  temperature  is  at  20°C.,  no  acceleration 
in  the  reaction-time  takes  place,  though  the  muscular  activity  of  the 
worms  increases  considerably. 

fl.  When  a  worm  that  has  l>een  stimulated  by  a  salt  solution  to  the 
point  a(  which  its  reaction-time  is  shortcHt  is  transferred  to  a  dishcon- 
taining  distilled  water  of  the  same  temperature  as  that  of  the  salt  solu- 
tion,  its  reactions  arc  no  longer  nearly  instantaneous,  but  are  like 
thoHT  brought  al>out  by  diftillnl  water  under  ordinary-  conditions.  But 
when  the  saino  worm  is  again  transferred  to  (he  salt  solution  the  vert- 
short  reactions  characteristic  of  the  salt  are  at  once  resume<l. 

7.  When  the  same  m<-thod  of  procedure  is  applied  in  ciuv  of  weaker 
concentrations  of  salt  (for  example,  0.01  molecular  potn.i.-<ium  chloride), 
into  which  the  worms  enter  more  fre<)uently  than  into  distilled  water, 
the  difference  Ix'twcen  the  reartionM  in  the  salt  dilution  and  the  distilled 
watef  in  clciirly  marked. 

8.  The  initial  accelenition  hnnight  about  on  succesfive  exposures  of 
dung-womm  to  salt  solutions  is  due  to  the  si>ecific  action  of  the  salts 
on  the  sen.tor>'  cells. 
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It  has  been  detennioed  that  all  of  the  extra  hepatic  ducta  dUate  after 
the  removal  of  the  gall  bladder  (I).  This  result  seems  to  be  due  to  inter- 
action  of  the  pressure  exerted  by  the  liver  and  the  sphincter  at  the  duo- 
denal end  of  the  common  bile  duct.  It  seemed  desirable,  therefore,  to 
know  whether  the  secretory  pressure  varied  in  species  of  animals  with 
a  ftall  badder  from  those  without  one.  Our  investigation  is  but  one  of 
several  studies  we  have  undertaken  in  reference  to  the  function  of  the 
gall  bladder. 

The  secretory  prpKsure  of  the  liver  baa  been  previously  studied  by 
several  investigators.  The  earUer  results  obtained  were  quite  variable. 
The  most  extensive  and  complete  work  on  the  subject  was  done  by 
Herring  and  Simpnon  (2),  who  investigated  both  the  secretory  pressure 
of  the  Uver  and  the  procrHs  of  bile  absorption,  after  occlusion  of  the 
common  bile  duct.  Their  method  of  experimentation  consisted  in 
exposing  the  biliary  tract  with  the  animal  under  chloroform  anesthesia 
and,  after  clamping  the  cystic  duct,  placing  a  cannula  in  the  common 
hileduct.  A  vertical  glaw  tultc,  having  an  internal  diameter  of  I  mm., 
wax  attached  to  the  cannula.  The  lower  end  of  the  glass  tube  was  ad- 
ju!tte<i  so  that  the  sero  mark  was  at  the  level  of  the  hepatic  duct  at  the 
portal  fiHiture.  By  means  of  a  T-tube  interposed  between  the  cannula 
and  the  vertical  tul>e,  it  was  possible  to  record  the  rate  of  bile  Bow  at 
tero  prcMture.  Appropriate  precautions  were  taken  to  keep  the  ani- 
mal warm  and  in  g<N>d  condition.  Many  controlit  were  taken  in  order 
t4i  obtain  trustworthy  data.  The  maximum  prexNure  to  which  the 
liilc  would  rise  in  the  tube  was  taken  a-t  a  measure  of  the  secretory 
pn-v-ure  expn-wol  in  millimcteni  of  bile.  The  pn-s-ture  was  measured 
in  rain,  dofcs  rabbits,  guinea  pi^s  and  monkeys.  Their  results  may  l>e 
brii'Hy  tabulatit]  an  ffillowH: 
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1.  The  average  of  18  cats  was  304.4min.  bile;  maximum  pressure  375; 
minimum  pressure  211. 

2.  The  average  of  8  dogs  was  300.0  mm.  bile;  maximum  pressure  342; 
minimum  pressure  243.  • 

3.  The  average  of  6  rabbits  was  259.5  mm.  bile;  maximum  pressure 
306;  minimum  pressure  ISl. 

4.  The  pressure  in  two  guinea  pigs  was  122  and  154  mm.  bile,  re- 
spectively. 

5.  The  pressure  In  two  monkeys  ^as  220  and  321  mm.  bile,  respec- 
tively. 

The  secretory  pressure  of  the  liver  was  measured  also  in  cats  and 
dogs  by  Mitchell  and  Stifel  (3).  They  found  the  average  pressure 
of  liver  secretion  in  cats  to  be  practically  the  same  as  that  obtained  by 
Herring  and  Simpson. 

We  measured  the  secretory  pressure  of  the  liver  in  anesthetized  and 
unanesthetized  animals,  and  since  we  wished  to  detennine  whether 
there  was  any  relation  between  the  secretory  pressure  of  the  liver  and 
the  presence  or  absence  of  the  gall  bladder,  only  comparable  species 
were  used. 

The  secretory  pressure  of  the  liver  in  anesthetized  animals.  Our  method 
of  measuring  the  secretory  pressure  of  the  Uver  in  anesthetized  animals 
differed  in  only  a  few  respects  from  that  used  by  Herring  and  Simpson. 
The  animals  which  had  been  fasted  for  about  twelve  hours  previously 
were  lightly  etherized,  and  a  cannula  was  inserted  into  the  common  bile 
duct  with  its  point  directed  toward  the  liver.  In  the  smaller  species 
the  insertion  of  the  cannula  was  often  quite  difficult.  An  upright  glass 
tube  with  an  internal  diameter  of  about  2  mm.  was  attached  to  this 
cannula  and  arranged  so  that  its  lower  end  was  roughly  in  the  plane 
passing  through  the  middle  of  the  liver.  Therefore  the  lower  end  of  the 
tube  marked  practically  eero  pressure.  The  maximum  distance  that 
the  bile  rose  in  this  tube,  expressed  in  millimeters  of  bile,  was  taken  as  a 
measure  of  the  secretory  pressure  of  the  liver.  The  operative  work 
was  always  performed  with  as  little  trauma  as  possible  and  the  general 
condition  of  the  animals,  as  regards  temperature,  light  anesthesia  etc., 
was  always  well  maintained.  In  some  experiments  the  cystic  duct  was 
left  patent  while  in  others  it  was  either  ligated  or  a  small  clamp  applied 
to  it. 

In  the  beginning  of  an  experiment  the  bile  usually  would  rise  quite 
rapidly  in  the  tube,  but  as  the  pressure  increased  the  flow  became  slower 
and  finally  stopped.    Quite  frequently,  after  reaching  a  maximum 
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height  it  dropped  several  millimeters  before  being  maintaiaed  at  a  cod- 
stant  level.  Id  some  experiments  the  pressure  was  taken  two  or  three 
times  with  an  interval  between.  The  maximum  pressure,  not  including 
the  respiratory  rise,  was  always  the  one  recorded. 

The  atcrelory  pretsure  of  the  liver  in  animals  hoeing  a  gaJl  bladder.  The 
secretory  pressure  was  measured  by  the  methfid  described  in  the  species 
of  animals  having  a  gall  bladder,  as  follows:  guinea  pig.  rabbit,  spenno- 
phile  and  goat. 

Herring  and  Simpson  report  variable  results  in  the  guinea  pig  and 
the  secretory  pressure  of  the  liver  was  rather  low  in  their  two  success- 
ful experiments.  Our  results  were  fairly  constant,  and  acme  of  the  pres- 
sures obtained  were  quite  high  (table  1). 

Our  results  in  the  rabbit  do  not  differ  materially  from  thoee  of  previ- 
ous investigators  (table  1). 

The  secretory  pressure  of  the  spermophile  (C.  tridecemlineatus)  was 
measured  because  it  is  fairly  comparable  in  regard  to  siie  and  habits 
with  the  rat,  which  does  not  possess  a  gall  bladder.  It  was  found  to  be 
quite  difficult  to  obtain  the  pressure  in  this  species  probably  because  the 
liver  was  not  able  to  secrete  enough  to  Gil  the  manometer  with  be 
animal  under  an  anesthetic.  We  had  many  failures  in  this  species. 
The  pressure  was  found  to  be  quite  low  (table  1). 

The  secretory  pressure  of  the  Uver  in  the  goat  seems  never  before  to 
have  been  meamired  In  our  experiments  it  was  found  to  be  relatively 
low  (table  1). 

The  aeerelory  pretieure  of  the  liver  of  gpeeie$  of  animaie  whiek  do  not 
pouene  a  gait  bladder.  Only  two  species  of  animals  normally  without  a 
gall  bladder — the  rat  and  pocket  gopher — were  foimd  suitable  for  experi- 
mentation. In  both  these  species  the  pancreatic  duct  empties  directly 
into  the  bile  duct  andconsequentlyacombinedprensureof  the  two  glands 
was  measured.  However,  by  Ugating  the  pancreatic  duct  before  meas- 
uring the  pressure  it  was  determined  in  a  few  experiments  that  the  effect 
of  this  gland  was  negligible.  We  attempted  to  determine  the  pressure 
in  the  horse  but  found  it  technically  very  difficult;  (he  same  was  true 
of  the  pigeon. 

The  secrctoTy  pressure  in  the  rat  was  easy  to  obtain  and  quite  high 
relatively  (table  I )  It  was  found  difficult  to  obtain  the  secretory  pre*- 
Kurc  in  the  pocket  gopher  (G.  bursariutt),  and  all  the  pn^sun-H  were  rela- 
tively low  (Uble  1). 

Secretory  prrtaure  of  the  liter  in  unanesthetited  animal*.  In  order  to 
determine  how  murii  the  anesthi'sia  affected  the  rt-sultM,  a  few  measure- 
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TABLE  1 

Seeretory  pressure  of  the  liver  in  varioui  tpeciet  of  animali.     Animals  tlheriud 

in  each  inslanct.    Two  species,  the  rat  and  pocket  gopher,  do  not  poeieis 

a  gall  bladder 


24.0 
10.4  kg. 


*  Pancreatic  duct  ligst«d. 
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ments  of  the  secretory  pressure  were  taken  id  unaBeHtbetiieddogn.  A 
small  metal  cannula  was  sutured  into  (he  gall  Madder,  practically  elim- 
inating  the  capacity  of  this  viscus,  and  the  eommoo  bile  duct  was 
doubly  ligated  and  sectioned.  After  the  animal  recovered  from  the 
operative  procedure,  the  secretory  pressure  was  measured  ia  the  same 
manner  as  in  the  aueothetised  animal  and  it  was  found  to  mn&in  very 
constant  in  the  same  animal  from  day  to  day.  In  the  sleeping  dog  the 
pressure  usually  varied  between  d30  and  345  mm.  Under  certain 
experimental  conditions  it  would  go  quite  high,  in  one  instance  going  as 
high  as  550  mm.  From  these  results  it  seems  that  the  secretory  pressure 
is  usually  higher  when  the  animal  is  not  under  an  anesthetic.  In  none 
of  our  OWD  experiments  nor  in  those  recorded  has  the  secretory  pressure 
of  the  anesthetized  dog  been  noted  to  be,  as  an  average,  quite  sobigb 
as  in  most  instances  in  which  it  was  measured  iu  the  unan^thetised 
animal. 

CONCLUSIONS 

The  secretory  pressure  of  the  liver  was  found  to  vary  ooDsiderably  in 
the  various  species  of  animals.  The  reason  for  this  ia  not  cleRr;tber« 
may  be  many  causes;  however,  the  presence  or  absence  of  the  gall  blad- 
der  does  not  seem  to  be  one  of  them.  The  secretory  pressure  of  the 
liver  appears  to  be  sunewbat  greater  in  unaneetbetind  animals  than  in 
tboee  under  an  anesthetic  but  snce  the  data  obtained  on  anestbetised 
anim^U  were  only  eomparative,  the  conclusion  that  the  presence  or 
absence  of  the  gall  bladderbean  no  reUtion  to  the  secretory  pressure  of 
the  liver  is  justified. 
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Some  years  ago  I  pointed  out  that  a  broad  distinction  may  be  drawn 
between  two  classes  of  brain  Htimulants.  The  one  class,  which  includes 
compounds  like  barium  chloride  and  the  calcium  precipitants  well 
known  to  stimulate  medullatod  nerves,  acts  only  on  the  white  matter 
(1).  These  substances  have  no  direct  stimulating  effect  on  the  gray 
matter  although  Sabbatani  (2)  and  others  have  shown  that  their  pres- 
ence may  increase  the  irritability  of  the  cortex  to  electrical  stimulation. 

The  other  class  of  chemical  stimulants  includes  such  substances  as 
creatin,  strychnine  and  picrotoxin.  Landois  (3)  first  pointed  out  that 
creatin  and  creatinin  can  excite  the  motor  areas  when  applied  directly 
to  the  exposed  surface  of  the  cerebral  hemispheics.  Baglioni  and 
Magnlni  (4)  showe<l  later  that  strychnine  used  in  the  same  way  is  a 
powerful  excitant.  On  the  other  hand  I  was  able  to  show  that  creatin 
acts  on  the  gray  matter  only,  since  it  has  no  effect  on  the  white  matter 
or  on  mcdullatcd  nerve  (5).  The  action  of  strychnine  like  that  of 
creatin  is  confined  to  the  gray  matter. 

The  different  effects  of  these  two  classes  of  chemical  stimulants 
might  be  due  to  differences  in  permeability  of  the  tissues  or  to  differ- 
ences in  chemical  constitution  of  the  irritable  elements,  or  both  these 
factors  might  be  involved.  It  is  certainly  fair  to  assume  that  the 
permeability'  of  nerve  cells  and  relatively  naked  dendrons  must  differ 
from  that  of  medullated  nerve.  On  the  other  hand  the  work  of  MooT'e 
(6)  on  chemical  differentiation  in  the  nervous  system  indicates  that 
nerve  cells  themselves  differ  chemically.  In  proof  of  this  Moore 
apparently  has  used  only  substances  which  would  fail  into  my  second 
class. 
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Since  the  contrast  between  tfaene  two  claaaes  of  compounds  in  thpir 
stimulating  action  on  the  nervoiu  system  is  so  marked  I  was  intorpstcd 
to  dL<*cover  any  substance  which  could  act  in  both  ways.  The  remark- 
able  fact  that  ammonium  chloride  does  not  stimulate  medullat«d  ner\i> 
while  itA  substitution  product,  tetraethyl-ammonium  chloride,  was 
found  by  Loeb  and  Ewald  (7)  to  be  even  more  effective  than  sodiuni 
citrate,  led  me  to  try  the  latter  substance  on  the  cortex  of  the  motor 
areas.  I  found  indeed  that  tetraethyl-ammonium  chloride  is  a  more 
powerful  stimulant  of  gray  matter  than  creatin  though  less  powerful 
than  strychnine. 

All  my  experiments  were  performed  on  rabbits.  The  brain  surface 
in  the  region  of  the  motor  areas  was  laid  bare  by  trephining,  the  dura 
was  carefully  removed  and  the  localisation  verified  by  electrical  stimu- 
lation.  A  small  crystal  or  a  small  quantity  of  the  powdered  tetraethyl- 
ammonium  chloride  was  then  applied  to  the  exposed  surfarr.  After  a 
latent  period  of  five  to  ten  minutes  muscular  twitchings  began  in  the 
same  body  ref^ons  which  had  responded  to  electrical  stimulation  of 
the  cortex.  The  contractions  gradually  increased  in  intensity  to  a 
maximum  which  was  usually  reached  in  twenty  or  thirty  minutes. 
The  Utent  period  was  noticeably  shorter  and  the  excitation  greater 
than  when  creatin  was  used.  In  order  to  make  a  more  axaci  compar- 
ison, symmetrically  situated  cortical  areas  were  exposed;  powdered 
creatin  was  applied  to  one  side  and  tetraethyl-iunmoniimi  chloride  to 
the  other.  Without  any  exception  the  contractions  resulting  from  the 
action  of  the  tetraethyl-ammonium  chloride  preceded  by  several  min- 
utes those  caused  by  the  creatin  on  the  opposite  side. 

By  the  method  just  fio»cribed  the  stimulating  effect  of  tetraethyl- 
ammonium  chloride  was  also  compared  with  that  of  strychnine.  In 
every  instance  a  I  per  cent  solution  of  strychnine  applied  to  the  cortex 
on  one  side  brought  about  the  characteristic  twitchings  and  convulsive 
contractions  more  promptly  than  the  concentrated  solution  of  tetraethyl- 
ammonium  chloride  appUetl  to  the  other  side.  In  a  few  experimenlx 
comparisons  were  made  Itetween  tetraethyl-ammonium  chloride  and 
stxlium  citrate  or  wNlium  oxalate..  In  none  of  the(«e  was  there  any 
indication  that  the  citrate  or  oxalate  had  a  stimulating  effect. 

By  the  aliove  cxprrinients  it  is  shown  that  tetraothyl-animonium 
chloride  unlike  the  tithcr  Huliftanr^'n  which  Ktimulate  mnlullated  nerve 
is  also  a  Hlimulant  of  gray  matter.  I  hoiM"  to  point  out  in  conn<T(ion 
with  a  report  on  other  cxixTiincnts  the  tx'aring  of  thiiK'  facts  on  th<<o- 
ries  as  to  the  nature  of  clu-mical  stimulation. 
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THE   BLOOD-PR ESSIRE   CURVE   FOLLOWING    AX    INTItA- 
tiPINAL  INJECTION  OF  ADRENALIN 

J.  AVER  AND  S,  J.  MKLTZKIl 

fVom  the  DilMirtmint  of  Phyiiology  and  i'harmarolof/y  o/  the  Rockifrlttr  IntliUile 
for  Mtdiral  Hrntarch 

Rppcivfd  for  pulilirnrion  Si|ilcml).T  ai,   IHIS 

The  <li!*r<>ver\'  by  (Hivcr  unil  Srhiifor  that  adroiml  rxtrnrt  raiisci  a 
Hm'  <if  IiUkkI  pn's.turr  was  made  l>y  admiiiistcrinK  the  oxtract  iiitra- 
vvnoiisly.  The  hlood-prcsjuirc  cuitp  which  fftllowi*  such  an  injt-ctKin 
is  chanirUTist ir.  Practirally  withiiiit  a  latnil  [tpriixl,  the  pn-s.'^iirp 
riir\'('  riwc  and  fnn-hrw  itx  maxiitium  hcitchl  in  a  vorj-  ^hdrt  tinir. 
There  is  almost  no  plateau:  the  descent  is  gradual :  the  orininal  prcsstirc 
is  attained  in  aluml  five  to  neven  riiimites.  S<inielinu>s  the  pn-jviire 
falls  for  a  short  peri(Ml  Itelow  the  orifdnal  level. 

We  studied  at  vari<iHs  times  the  rhararter  of  the  pn"*sun'  cuire 
whieh  follows  after  divi  rse  niethinls  of  administration  of  adn-nalin. 
AmonR  others,  we  studietl  the  pn-ssure  eur\-e  whieh  folKiws  intra- 
spinal iiiji't'tion  of  ailn'iialin  in  monkeys  under  the  Eenenilly  aeeepte<I 
supiMisition  that  ahsiiri»lion  fmm  the  spinal  ranal  is  a  sl<iw  pni*-*-!*. 
The  results  were  ()uite  interest ing.  In  most  inslanrcs  the  l)lo(Nl-pre»- 
sure  rune  was  eliaraeleristic;  the  latent  p<'nod  was  pntloncttl,  the  ri-*e 
was  e<mipanitiv('ly  slow,  the  maxinnim.  ullhoufch  tjitite  hish.  vrii-'  only 
alluined  after  several  minutes  and  eontinnctl  plateau-like  for  n  f:urly 
liinn  time;  the  ilescvnt  to  normal  wits,  lomimratively  s[H-akiiiic.  verr 
slow.  These  findiiiic!'  wen-  emlMtdieil  in  a  hrief  eomniunieiition  lH-fon> 
the  S<K'iely  for  Kx|>erimental  Biolopj-  and  Me<iicine  (I). 

AIkiuI  simnltiini-oiisly  with  our  n'jxirl  then'  apix-imil  a  hrief  (t>ni- 
miinieaiion  of  Dixon  and  I[nlliliurton  on  the  rapidity  of  the  ali-orp- 
tion  of  dniRs  into  the  een-hn^spiiial  Diiid  i'2i.    Then-  they  stiiitil  that 

A  -[l.:.ll  cln-r  '>r  u.|t.-ti:,li<i   -l  rr.  .,t  I   ii,  1ll.lll>|.  M.jiiljcm,  uill  .'.|m:.II^    r»[.|<llv 
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Id  their  experiments  the  drug  was  introduced  through  a  cannula 
inserted  into  the  subceiebellar  cistema.  In  a  later  article  however, 
Dixon  and  Halliburton  (3)  make  the  following  statement: 

Since  the  publlcatioa  of  our  prelimiaary  aote,  Auer  and  Meltier  have  made 
some  intraspinal  injections  of  adrenalin  which  they  expected  would  have  no 
stronger  action  on  blood  pressure  than  that  of  a  subcutaneous  injection.  Thej' 
employed  monkeys  and  injected  large  dosea;  the  arterial  pressure  rose  slowly 
and  reached  its  manmum  in  a  few  minutes  and  remained  high  for  a  considerable 
time.  The  injections  were  made  into  the  lumbar  re^on.  We  have  made  some 
injections  into  the  lumbar  region  but  there,  as  we  have  already  stated,  absorp' 
tion  is  comparatively  slow  and  several  minutes  are  required  before  any  notice- 
able effect  is  observed. 

Thus  there  is  no  contradiction  between  our  observations  and  the 
results  obtained  by  Dixon  and  Halhburton.  In  the  last  mentioned 
communication  they  rather  confirmed  our  observations  that  when  the 
injection  of  adrenaUn  is  given  in  the  lumbar  r^on  the  absorption  is 
comparatively  slow,  and  several  minutes  are  required  before  any 
noticeable  effect  is  observed. 

Dixon  and  Halliburton,  however,  fail  to  make  any  statement  regard- 
ing the  final  intensity  or  the  long  duration  of  the  effect.  These  authors 
were  apparently  interested  mostly  in  that  part  of  our  communication 
which  seems  to  contradict  their  statement,  namely,  that  the  absorption 
of  adrenahn  from  the  cerebro-spinal  fluid  is  almost  as  rapid  as  if  it 
were  injected  intravenously  and  confined  themselves  to  the  explana- 
tion of  the  seeming  contradiction  by  the  fact  tbat  our  experiments 
were  made  by  injections  into  the  lumbar  region  while  they  made  their 
injections  into  the  subcerebellar  cistema.  They  were  not  interested 
in  the  details  of  the  effect  of  intralumbar  injections. 

To  us  it  seems  that  the  most  interesting  part  of  our  observations 
consists  in  the  facts  that  the  maximum  of  the  blood-pressure  rise  follow- 
ing an  intraspinal  injection  of  adrenalin  has  a  comparatively  long 
plateau  and  the  descent  of  the  curve  to  the  normal  level  is  very  alow; 
in  other  words,  that  the  blood-pressure  rise  following  an  intraspinal 
injection  of  adrenahn  is  as  a  rule  the  longest  ever  observed  after  a 
single  injection  of  adrenalin.  This  fact  is  interesting  from  a  theoretical 
point  of  view;  but  it  may,  as  we  have  pointed  out  elsewhere  (4)  have 
an  important  practical  application.  We  intend  therefore  to  describe 
the  results  of  our  experiments  in  some  detail  and,  especially,  to  repro- 
duce a  most  striking  curve  to  illustrate  the  effects  of  an  intraspinal 
injection  of  adrenalin.    The  present  high  price  of  monkeys  prohibits 
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a  repetition  of  our  experiments  on  a  larRe  scale,  but  through  the  court- 
eny  of  Doctor  Flemer  we  were  enabled  some  time  ago  to  make  a  few 
observatioDB  on  three  monkeys.  These  observations  will  be  included 
in  the  following  general  statement. 

EXPERIlfENTAL 

Except  in  monkeys  and  human  beings,  it  is  impossible  in  other 
animals  for  an  intra^inal  injection  in  the  lumbar  rc^on  to  enter  the 
subarachnoidean  space  of  the  canal  below  the  spinal  cord;  in  roost 
cases  the  needle  enters  into  the  cord  it«elf  and  the  injection  is  made 
into  its  tissue.  In  monkeys  an  injection  below  the  spinal  cord  is 
frequently  possible  when  the  needle  is  inserted  between  the  third  and 
fourth  or  between  the  fourth  and  fifth  lumbar  vertebrae.  However, 
even  in  monkeys  the  injection  is  not  successful  in  eveiy  case.  We 
have  learned  in  the  experiments  with  adrenalin  as  well  as  in  our  exten- 
sive experience  with  magneaum  sulphate  that  when  the  escape  of 
spinal  fluid  through  the  needle  is  veiy  scant,  the  effect  of  an  injectioo 
is  frequently  poor  and  not  characteristic.  Furthermore,  on  account 
of  a  venous  plexus  on  the  ventral  surface  of  the  canal  and  the  minute- 
ness of  the  cavity  of  the  subarachnoidean  space  below  the  cord,  the 
hypodermic  needle  sometimes  enters  into  the  venous  plexus  and  the 
result  of  the  injection  is  either  that  of  a  mere  intravenous  injection  or, 
more  frequently,  of  a  mixture  of  an  intravenous  and  an  intnu|>ina] 
injection ;  in  the  latter  case  the  injected  quantity  is  too  small  to  produce 
a  characteristic  effect  of  an  intravenous  as  well  as  of  an  intra^Hnal 
administration.  In  human  beings  the  condition  is  apparently  mudi 
more  favorable.  In  the  numerous  injections  of  adrenalin  made  intra- 
venously ib  children  in  the  course  of  the  epidemic  of  poliomyelitis  (5) 
the  effect  of  adrenalin  upon  the  region  of  the  cervical  cord  was  umnia- 
takable  whether  the  quantity  injected  amounted  only  to  1  ec.  or  to 
6  cc.  for  the  small  children  afflicted  with  the  disease. 

Our  experiments  with  the  lumbar  injection  of  adrenalin  were  made 
on  ten  small  monkeys  (macacus  rhesus).  The  injections  were  as  a 
rule  made  in  the  spaces  between  third  and  fourth  or  fourth  and  fifth 
lumbar  vertebrae.  In  a  few  instances  the  injection  was  given  in  the 
dorsal  r^on — with  an  effect  generally  characteristic  for  injectiou  in 
the  lumbar  region.  Each  animal  was  usetl  for  several  expeiimeota 
after  intervals  of  houm  or  M>veral  days.  The  smalWt  «low  emi^oyed 
was  0.5  cc.  and  the  Urgent  1.5  cc.  of  a  1:  1000  solution  of  adrenalin. 
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The  character  of  figure  1  reproduced  in  thia  paper  is  typical  for 
most  of  our  results  although  we  have  to  state  that  it  represents  the 
most  strikiDg  result  which  we  have  obtained  in  our  series  of  experi- 
ments. It  was  obtained  January  17,  1912,  from  a  second  injection 
of  1.5  cc.  adrenalin  into  the  lumbar  region  of  a  male  monkey;  no  spinal 
fiuid  was  obtained  at  this  (second)  lumbar  puncture.  The  original 
blood  pressure  was  62  nmi.  mercury.  There  was  no  initial  drop  of 
blood  pressure  following  the  injection,  and  the  rise  began  after  a  latent 
period  of  eight  seconds.  The  maximum  height  of  172  mm.  was  reached 
in  six  minutes.  The  maximum  level  presented  practically  a  plateau  of 
several  minutes  duration.  The  pressure  fell  exceedingly  slowly;  for 
one  hour  after  the  injection  the  blood  pressure  was  still  48  ram.  of 
mercury  above  the  original  level  (see  figs.  1  A,  1  B,  1  C  and  1  D). 

Figure  2  is  from  an  intravenous  injection  of  1  cc.  of  adieoalin  admin- 
istered to  a  male  monkey  (2260  grams)  November  8,  1917.  This  trac- 
ing is  reproduced  here  for  the  purpose  of  emphasiziDg  the  contiast 
between  intraspinal  and  intravenous  injections  of  adrenalin.  In  this 
experiment  the  original  pressure  was  40  mm.  mercury.  There  was  no 
drop  or  obvious  latent  period  preceding  the  beginning  of  the  blood- 
pressure  rise;  in  eight  seconds  the  maximum  of  148  mm.  memiiy  waa 
reached;  there  was  no  plateau.  After  eight  minutes  the  blood  pnasin 
was  again  47  mm.  mercury,  a  level  only  sli^tly  higher  tbu  tie  orir. 
inal  blood  pressure. 

Without  entering  upon  the  details  of  our  ejtperiniEnts,  we  m«-  mike 
the  following  general  statement.    With  nt^ligible  exceptiouB,  i»  mav 
say  that  the  blood-pressure  elevation  brought  about  by  «  iatnaunj 
injection  Is  characterized  by  a  slow  rise,  by  a  "plat€«i4ite"  dmw 
ance  of  the  maximum  rise,  by  a  comparatively  veiy  slow  &D  to  ih 
normal  level  and,  in  general,  by  a  long  durafjon  of  th#>  !»..<».  .m.^^ 
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rise.  In  one  case  after  a  lumbar  mjection  of  1.5  cc.  the  drop  was  as 
great  as  52  mm.  mercury,  the  pressure  falling  from  116  to  64  mm., 
but  it  soon  began  to  rise  and  in  four  minutes  reached  a  height  of  162 
mm.  mercury.  In  one  animal  however,  after  an  injection  of  1  cc. 
(no  spinal  fluid)  the  blood  pressure  slowly  fell  10  mm.  with  no  subse- 
quent rise  of  pressure.  This  monkey  was  sick.  However,  after  a 
second  injection  of  1  cc.  adrenalin  into  the  same  monkey,  no  drop  of 
blood  pressure  occurred  and  after  a  latent  interval  of  forty  seconds  the 
pressure  rose  in  eight  minutes  from  100  mm.  to  138  mm.;  this  rise 
lasted  twenty-two  minutes.  In  these  two  injections  the  puncture 
yielded  no  spinal  fluid.  Later,  in  the  same  animal,  after  an  injection 
of  1.5  cc.  adrenalin,  there  was  first  a  short  preliminary  rise  followed  by 
a  drop  to  86  mm,  mercury  lasting  twenty-four  seconds  and  then,  dur- 
ing two  minutes,  the  blood  pressure  rose  to  a  maximum  of  143  mm.; 
after  forty-seven  minutes  the  pressure  sank  again  to  84  mm.  In  this 
instance  the  puncture  had  shown  the  presence  of  spinal  fluid.  In 
another  animal  an  injection  of  1  cc.  caused  a  drop  from  72  to  48  mm., 
that  is,  a  drop  in  blood  pressure  of  24  mm.  mercuty  which  was  not 
followed  by  any  rise.  However,  twenty-e^ht  minutes  later,  after  a 
second  injection  of  1  cc.  there  was  neither  a  drop  of  blood  pressure  nor 
was  there  any  latent  period,  but  in  the  course  of  three  minutes  after  this 
injection  the  blood  pressure  rose  from  50  mm.  to  124  mm.  of  mercury. 
(Study  of  the  further  course  of  blood  pressure  in  this  experiment  was 
prevented  by  the  formation  of  arterial  clots.) 

The  preceding  results  were  observed  after  injections  into  the  lumbar 
region.  We  have,  however,  records  of  a  few  observations  on  the 
effecte  of  intraspinal  injections  when  the  site  of  application  was  the 
thoracic  region  of  the  cord.  In  one  instance,  after  an  injection  of  1.5 
cc.  of  adrenalin  into  the  fifth  thoracic  interspace,  there  was  no  initial 
drop  of  blood  pressure;  a  latent  period  of  thirty-six  seconds  elapsed 
before  the  rise  began  and  in  two  minutes  the  pressure  rose  from  54  mm. 
mercury  to  196  mm.;  after  twenty-four  minutes  the  pressure  was  still 
100  mm.  of  mercury.  In  another  animal  an  injection  of  1  cc.  of  adren- 
alin in  the  fifth  thoracic  vertebral  interspace  broi^ht  an  initial  drop 
of  blood  pressure  of  25  mm.  which  lasted  two  minutes.  Then  in  the 
course  of  the  following  five  minutes  the  blood  pressure  rose  from  102 
mm.  to  a  manmmn  of  170  nmi.  and  after  fifteen  minutes  the  blood 
pressure  was  still  134  mm.  mercury.  In  general,  however,  the  rise  of 
blood  pressure  after  intrathoracic  injections  of  adrenalin  was  neither 
very  high  nor  of  striking  duration. 
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CONCLUSIONS 


Intraspinal  injections  of  1  cc.  or  1.5  cc.  of  adrenalin  in  the  lumbar 
region  of  monkeys  cause  a  rise  of  blood  pressure  distinctly  different  in 
character  from  the  curve  obtained  after  the  intravenous  injection  of 
adrenalin.  The  curve  of  blood  pressure  following  an  intraspinal 
injection  is  generally  characterised  by  a  slow  rise  from  the  original 
level  to  the  maximum  height;  by  a  plateau4ike  duration  of  the  maxi- 
mum; by  a  alow  fall  to  the  blood  pressure  which  prevailed  before  the 
injection  of  adrenalin.  It  may  be  stated  in  general  that  an  intra- 
lumbar  injection  of  adrenalin  in  monkeys  causes  a  much  more  lasting 
effect  upon  the  rise  of  blood  pressure  than  an  intravenous  injection.  It 
may  perhaps  be  added  that,  as  a  rule,  after  intraspinal  injections  the 
pressure  at  the  end  of  the  pressor  effect  has  not  been  observed  to  fall 
below  the  original  level. 

The  question  discussed  in  this  paper  has  not  been  studied  in  human 
beings.  While  there  is  sufficient  experience  to  show  that  an  intra- 
lumbar  injection  of  adrenalin  in  human  beings  is  apparently  innocuous, 
the  effect  of  such  an  injection  upon  the  blood  pressure  has  not  been 
studied  properly.  When  we  consider,  as  we  stated  before,  that  in 
human  beings  an  intralumbar  injection  can  be  carried  out  with  greater 
safety  and  certainty  than  in  monkeys,  the  advisability  of  such  studies 
in  clinical  physiotc^  is  quite  evident. 
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In  previous  studies  od  the  stomach  (1),  small  intestine  (2)  and 
cecum  (3),  we  have  found  that  there  is  a  gradient  in  the  COj  output 
and  catalase  content  of  the  muscle  from  one  end  of  the  oi^an  to  the 
other.  We  came  to  the  conclusion  that  the  metabolic  gradient  thus 
discovered  underlies  and  probably  gives  rise  to  the  gradients  of  irri- 
tabiUty,  rhythmicity  and  latent  period  which  in  their  turn  probably 
det«nnine  the  direction  of  peristalsis  in  the  tube.  In  this  paper  we 
wish  to  report  similar  studies  made  upon  the  colon.  It  should  be 
stated  here  for  the  benefit  of  those  who  may  not  have  read  the  previous 
papers  that  we  found  the  curves  of  catalase. content  and  COj  output  so 
nearly  parallel  that  we  feel  that  the  catalase  is  a  pretty  good  index  to 
the  metabolism  of  the  tissue.  When  confronted  at  first  by  the  great 
variations  in  the  figures  obtained  in  different  animab  of  the  same 
species  we  rather  despaired  of  being  able  to  use  what  seemed  to  be  so 
inaccurate  a  method.  The  remarkable  constancy,  however,  of  the 
gradation  in  any  one  intestine  has  satisfied  us  that  these  determinations 
are  trustworthy. 

7*ecAmc.  The  method  used  has  already  been  described  (2).  Briefly, 
we  have  made  five  determinations  at  a  time,  using  a  shaking  machine. 
We  have  used  rats,  guinea  pigs,  rabbits,  cats  and  dogs.  These  animals 
were  killed  by  a  blow  on  the  head  or  by  chloroform  and  bleeding.  The 
s^ments  were  removed  immediately.  In  cats  and  d<^  the  muscle  could 
be  peeled  off  from  the  mucosa  but  in  the  smaller  animals  the  mucosa 
had  to  be  scraped  off.  In  all  the  tables  the  figures  represent  cubic 
centimeters  of  oxygen  at  room  temperature  and  atmospheric  pressure, 
liberated  in  fifteen  minutes  from  30  cc.  of  1.5  per  cent  neutral  hydro- 
gen peroxid  by  0.3  gm.  of  finely  minced  muscle.  The  figures'l  to  5  on 
the  left  hand  side  represent  segments  taken  at  intervals  along  the  colon 
from  the  ileocecal  sphincter  to  the  anus. 
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Guinea  pig  colon 


45.4 

46.8 

38  7 

27.6 

31  B 

29.4 

31. 1 

25.3 

26,8 

18,7 

Rabbit  colon 


40-0 

44.6 

41,4 

28,4 

27.9 

26,4 

26,0 

25,0 

33.5 

31,5 

37,8 

23,4 

22.0 

21,0 

18,4 

20-0 

21.7 

33.7 

29,6 

24,7 

22,5 

20,9 

17,8 

18.6 

27.4 

33.4 

30.0 

20.0 

21  0 

20,3 

18,5 

23.2 

18,6 

28,4 

26,2 

18,7 

17,6 

18,8 

13,0 

22.8 

25.9 
24,1 

24  ."2 


22.4 
21.5 
13,4 


Ileo-cecai  junction.  Some  observations  by  Alvarez  (4)  suggested 
that  the  ileocecal  region  in  rabbits  has  a  higher  rate  of  contraction 
than  that  of  the  ileum  a  little  above.  Keith  (5)  feels  that  this  is  an 
important  point  in  connection  with  his  discovery  of  what  seems  to  be 
a  band  of  nodal  tissue  in  that  region.  Unfortunately  we  have  been 
unable  to  study  the  catalase  content  of  the  muscle  in  the  sacculus 
rotundus  of  the  rabbit  because  it  cannot  be  separated  from  the  mass  of 
lymphoid  tissue  at  that  point.  As  would  be  expected,  this  tissue  has  a 
high  catalase  content.  The  following  figures  from  the  rabbit  show  no 
definite  increase  of  catalase  in  the  segment  next  to  the  sacculus.  In 
the  cat  and  dog  where  pure  muscle  could  be  obtained,  there  was  noth- 
ing peculiar  about  the  catalase  content  of  the  terminal  ileum  and  ileo- 
colic sphincter. 
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C«t  (HCKLI) 

Doa  (iimi.il 

29.7 
30.4 
27-3 
26.4 
33.9 

2.  Ileum 

19.7 

■ABBIT  <H«n.B 

1    Ileum 

3.  Terminftl  ileum 

COt  ettimaiion.  Although  our  previous  work  has  made  ub  feel  that 
we  can  accept  the  catalaae  content  aa  a  fair  index  of  the  metabolic 
rate,  we  thought  it  beet  at  the  same  time  to  make  a  few  estimatea  of 
the  C0|  production.  We  have  used  Haas'  method,  which  was  de- 
scribed fully  in  a  previous  paper  (2).  Briefiy,  weighed  segments  of 
washed  gut  are  sealed  into  small  test  tubes  containing  warni  Locke's 
solution  to  which  a  little  phenolsulphonepbthalein  is  added.  The 
CO]  formed  in  the  tissue  gradually  acidifies  and  decolorises  the  aotu- 
tion.  After  this  decolorisation  has  proceeded  sufficiently,  the  tubes 
are  graded  according  to  color,  the  palest  being  on  the  left.  In  tbs 
following  tables  the  figures  represent  parts  of  the  colon  from  cecum  to 
anus — 1  being  near  the  ileo-cecal  sphincter  and  5  near  the  anus.  Some- 
times two  or  three  tubes  were  so  nearly  of  the  same  color  that  they 
have  been  bracketed  together. 


Jtoi 


3    4    5    2    1 


A    3    1    3    4 


5    13    3    4 
1    2    3    S    4 


2  4    S    3    I 

3  1    2    4    S 


3    13    4 
2    13    4 
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Fig.  1.  Average  gradient  of  catalaae  content  of  the  colonic  muecle  in  v&riouB 
animals.  The  ordinates  represent  catalase  values  expressed  in  cubic  centimeters 
of  oxygen  liberated;  the  abscissae  represent  the  five  segments  from  which  muscle 
was  taken. 

Id  aome  instances  the  gradation  was  brought  out  by  titrating  the 
solution  back  to  its  original  color.  The  following  figures  represent 
the  average  number  of  drops  of  n/50  NaOH  required  for  the  different 


6.4       5.1       S.4       4.4       4.9 

Rta 

6.5       4.S       4.0       3.1 
DIBcnSSION 

Here  again  in  the  colon  we  find  gradients  of  catalase  content  and 
COt  production  similar  to  those  in  the  stomach  and  small  intestine. 
When  the  catalase  averages  are  plotted  as  in  figure  1,  it  is  seen  that- 
the  gradient  is  most  pronounced  and  most  even  in  the  guinea  pig, 
rabbit  and  rat:  It  is  less  pronounced  in  the  dog;  and  in  the  cat  the 
aboral  third  is  actually  reversed.  The  individual  curves  in  a  niunlier 
of  cats  were  even  more  irregular,  as  can  be  seen  in  figure  2.  There  the 
only  fairly  constant  features  are  the  drop  from  the  cecum  to  segment 
2  and  the  rise  from  segment  4  to  segment  5.  Many  of  the  d<^s  showed 
a  sioiilar  type  of  curve  but  the  average  yielded  a  nearly  straight  line 
with  a  slight  gradient  downward  to  the  anus. 
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The  C<)i  08limationtt  in  the  cat  and  rat  showed  Kratlations  coitp- 
opoiKliDK  fairly  well  to  thotte  ol>t*ervod  with  the  catalaHC  in  thow  ani- 
mals. Attempt.^  to  show  a  gradation  in  rhythmicity  donii  the  eoton 
have  not  l)een  entirely  sucressful  on  arconnt  of  the  irregular  eharacter 
of  the  eontractions  in  excised  sejpnents.     In  the  rabbit,  however,  the 


nveniKi'  mte  !*c«'tii(Hl  definitely  higher  in  the  iipix-r  part  of  the  ml<in 
than  ill  the  lower. 

Before  pr<K-e<-iliiiK  to  a  illsciii-iioii  of  the  i»ii— ihic  niiniifiruntv  <if  thi-^ 
findintfi  it  inifiht  tir^l  l>e  well  to  n-vicw  hriclly  what  i*  known  alxiiii 
itiliinie  [M'riHitil-'i-i.  In  ilic  first  pine)-  the  niiiveiiicntu  an-  mc)n'  Hhiu(i«li 
ili:m  tiiiiM'  iif  the  Mii:ill  Ixiwei  and  the  n<'im>-nins<iilar  a]>[)»nktii!>  •••^'itii 
!."  wii-itive  to  rtiniiili.     Ttmn  one  of  u-  T'iiiikI  it  idino-t  iiiii>.."il>le 


Digitized  by  VjOOQIC 


METABOLIC  QRADIBNT  OF  COLONIC  PERISTALSIS  299 

to  get  any  records  of  the  colonic  contractioos  in  a  woman  with  a  fistula 
into  the  descending  colon.  The  stimulus  of  blowing  up  the  balloon 
sometimes  gave  rise  to  one  or  two  contractions  but  aft«r  that  even 
alternating  deflation  and  inflation  had  httle  or  no  effect.  Things 
were  veiy  different  in  several  men  with  jejunal  fistulae.  In  them  the 
bowel  was  constantly  contracting  and  pulling  upon  Uie  balloon. 

In  man  there  are  probably  only  a  few  large  propulsive  movements 
in  the  colon  during  the  day.  These  occur  usually  after  meals  and  often 
bring  about  a  desire  for  defecation.  The  colons  of  rabbits,  cats  and 
dogs  exposed  under  salt  solution  also  remain  quiet  for  long  periods  of 
time.  We  would  expect  then  to  find  that  the  colonic  neuro-muscular 
Apparatus  is  different  from  that  in*  the  small  intestine  and  more  like 
that  in  the  cecum  (3).  The  differences  that  we  have  found  in  the 
rhythmicity,  type  of  contraction  curve,  latent  period  and  reaction  to 
drugs  (6)  have  all  suggested  that  the  metabolism  is  more  slu^ish  in 
the  colonic  wall  than  it  is  in  the  wall  of  the  small  bowel.  We  were 
not  surprised  therefore  to  find  the  catalase  content  and  the  COt  output 
low  in  the  colon.  In  the  cat  and  dog  the  catalase  content  of  the  first 
colonic  segment  was  often  higher  than  that  of  the  last  ileal  segment 
but  the  rest  of  the  colon  showed  values  lower  than  the  lowest  in  the 
small  bowel.  The  CO)  output  of  the  colon  was  generally  much  less 
Uian  that  of  the  lower  ileum.  A  slight  increase  in  metabolism  on  the 
lower  side  of  the  ileo-cecal  sphincter  might  have  something  to  do  with 
the  physiological  stasis  in  the  terminal  ileum. 

The  striking  peculiarity  about  peristalsis  in  the  colon  is  that  it  is 
often  reversed,  particularly  in  the  proximal  half.  Cannon  (7)  observed 
this  first  in  the  cat  where  the  phenomenon  is  perhaps  most  marked. 
It  has  been  seen  in  the  dog,  rabbit,  rat,  guinea  pig,  hedgehog  and 
ferret  (8).  Retrograde  transport  of  material  in  the  human  colon  is 
commonly  seen  but  the  actual  reverse  waves  are  hard  to  demonstrate. 
Case  (9),  however,  reports  having  seen  them  in  37  out  of  1500  cases. 
As  was  to  be  expected,  they  were  most  pronounced  in  the  presence  of 
colonic  obstruction  or  with  spastic  constipation  accompanied  by  or 
due  to  an  increased  tone  at  the  lower  end  of  the  bowel. 

In  view  of  this  tendency  to  anastalsis  it  is  not  surprising  to  find  that 
the  gradient  in  the  colon  is  irregular  and  reversed  in  places.  In  the 
small  bowel,  where  katastalsis  is  the  rule,  the  gradient  was  steep  and 
even  in  all  the  animals.  It  is  somewhat  disappointing,  however,  to 
find  in  the  cat  the  steepest  and  most  constantly  downward  part  of  the 
catalase  gradient  on  the  right  side  near  the  cecum,  just  at  the  point 
where  the  reversed  waves  are  most  commonly  seen. 
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Another  interestinK  thuift  ia  the  f&ct  that  in  the  herbivorouB  guinea 
pift  and  rabbit  the  Kradient  was  more  constant,  more  even  and  atceper 
than  in  the  camivorouit  cat  and  doR.  We  have  suftK^^"'^  iti  a  prcvioiu 
paper  that  it  may  be  that  the  herbivore,  with  their  rough  bulky  food 
must  maintain  a  better  gradient  in  (heir  digestive  tracts  than  is  needed 
by  the  camivora  with  their  more  concentrate,  easily  liquefied  food 
and  thoir  short  powerfully-muscled  intestines. 

Another  point  of  interest  is  the  rii>e  in  the  gradient  at  the  lower  end 
of  the  cat's  colon.  Similar  rises  were  observed  in  a  nuijiber  of  the  dogs. 
They  were  not  observed  in  the  rabbit,  guinea  pig  and  rat.  It  is  xugge*- 
(ivc  that  the  first  two  animals  defecate  at  comparatively  rare  intervals 
much  as  man  <loe8.  They  can  thus  comport  themselves  properly  as 
pets  in  houses  and  they  often  K<em  to  be  quite  constipated.  The  other 
animals,  with  the  steep  gradient  down  to  the  anus,  defecate  at  short 
intervals,  apparently  as  often  as  feces  reach  the  rectum.  A  numl>er  of 
writers  have  claimed  that  in  man  there  is  a  rise  of  tone  up  to  the  sig- 
moid or  rectum  (10),  and  one  of  us  suggested  several  years  ago  that 
an  increnw  in  the  steepness  of  the  gradient  up  to  the  anus  might  be 
one  of  the  principal  factors  in  producing  constipation  (11).  So  far  we 
have  iM-en  able  to  get  fresh  segments  from  but  one  human  c<iIon.  The 
cadaver  was  that  of  a  man  who  died  from  a  witle-sppca<l  terminal  infec- 
tion following  a  jejunostomy  for  an  inoperable  carcinoma  of  the  stom- 
ach.    The  figurt'M  were  as  f<)llows: 

Cii-iim  Colon  Rertum 


]«  3  31  3        30.ft       22  0  22.3 

One  cannot  draw  many  conclusions  fntm  one  ca.<«'  and  a  di.'*case<l  one 
at  that.  There  is,  however,  a  definite  downwanl  gradient  from  the 
ascending  colon  to  the  rectum  with  pcrhajH)  a  slight  rise  up  to  the  anw^. 
Tlie  low  figure  for  the  cecum,  if  normal  for  man,  woul<l  account  for  the 
retention  of  fecal  material  in  that  region. 

srUMART 

IVvioHs  work  on  the  small  int^-jitine  ami  stomach  shownl  graitients 
of  nilnlfiF^-  nmtent  and  ('(>t  prtxluction  which  the  writent  lM-lieve 
underlie  and  give  rise  to  the  gradients  of  rhythmicity.  irritability  and 
latent  [MTifMl  which  detemiine  the  fUrertion  of  |)eristal.-iis. 
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Similar  gradients  are  now  shown  to  exist  in  the  colon.  The  gradient 
of  catalase  content  is  steeper  and  more  regular  in  the  herbivorous  rabbit 
and  guinea  pig  than  in  the  carnivorous  cat  and  dog.  The  omnivorous 
rat  has  a  fairly  even  gradient  which  is  steep  at  the  anal  end.  It  is 
suggested  that  the  herbivora  with  their  rough  bulky  food  and  their 
thin-walled  bowels  need  a  more  even  gradient  than  the  camivora  do. 

In  the  cat  and  dog  the  lower  end  of  the  gradient  is  often  reversed, 
that  is,  uphill  towards  the  rectum  and  anus.  It  is  su^^ted  that  this 
reversal  saves  these  animals  from  frequent  calls  to  defecation.  The 
rabbit,  guinea  pig  and  rat  defecate  at  short  intervals,  probably  when- 
ever material  reaches  the  anus;  the  cat  and  dog  empty  their  bowels 
more  as  man  does  and  they  sometimes  are  constipated.  It  is  suggested 
that  constipation  may  be  due  to  an  accentuation  of  the  reversed  gra- 
dient up  to  the  anus.  It  is  also  suggested  that  the  uneven  gradient  in 
the  colon  is  associated  with  the  well-known  reverse  peristalsis  in  that 
part  of  the  gut.  The  more  sluggish  metabolism  of  the  colonic  muscle 
as  compared  with  that  of  the  small  intestine  was  to  be  expected.  No 
peculiarity  could  be  observed  in  the  catalase  content  of  the  ileocecal 
sphincter. 

In  one  human  case  studied  the  gradient  was  quite  similar  to  that 
in  the  dog,  with  the  exception  that  the  cecal  figure  was  very  low. 
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Few  problems  in  all  physiology  have  been  attacked  more  persistently 
or  more  inKeniously  than  that  of  determining  the  blood  volume  in 
mammals.  The  importance  of  such  information  from  a  theoretical  as 
well  as  a  practical  standpoint  has  always  been  obvious.  Ahhough  a 
BCOTc  of  methods  have  been  described  cither  for  directly  detemiininit 
or  indirectly  calculating  blood  volume,  we  found  that  for  work  we 
wished  to  do  on  shock  none  completely  met  our  needs.  For  example, 
very  few  of  the  methods  allow  a  second  determination  to  be  made 
during  the  course  of  a  single  experiment.  The  final  estimation  of 
volume  has  usually  depended  on  color  comparisons,  blood  counts  or 
other  procedures  in  which  certain  errors  if  not  absolutely  necetwary 
are,  at  least,  easily  made.  It  seemed  to  us  that  some  method  chemi- 
cally accurate,  gravimetric,  if  possible,  might  be  of  use  if  it  could  t*e 
lieviflc*!. 

Complete  reviews  of  the  blood  volume  literature  may  l>e  founil  in 
the  papers  of  Picsch  (1),  Behring  (2),  Dreyer  and  Ray  (3)  and  Keith, 
Kowntree  and  (ieraghty  (4).  It  is  here  necexsary  only  to  comment 
on  the  various  methods  that  have  lieen  employed. 

The  direct  method  of  determining  blocxl  volume,  that  of  bleeding 
and  waithing  out  the  circulatorj-  Hvsitem,  was  inlnMlucf-d  liy  Welckor 
I't)  and  UHCtl  by  many  early  invei^liffittorH.  With  m<Mlifiralii>nH  it  has 
I)een  employwi  in  recent  yenrs  hv  Dreyer  and  hin  colleiigueM  (3i.  <t\'. 
'7),  Boycott  (K),  ItafmUMu-n  and  Hacniti.-i.'ien  <!>)  an<J  others.  Two 
jmis-mIiIc  ern>rH  have  ummlly  Iwen  n'rogniwHl  in  the  din'ft  niethoiLo. 
tiiiiiii'ly:  that  pigiiicnt  piirl iciilnrly  from  niUH-le  nuKhl  be  ini-lud«-<)  as 
h('itii>iEl<iIiin  and  that  wmie  blcxK)  niiKlit  nrit  l>e  wnxUi'd  mil  from  the 
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Spleen,  bone  marrow  or  parts  of  the  portal  Bystem.  The  final  calcula- 
tions must  be  made  in  all  cases  by  comparing  the  washings  with  an 
original  sample  of  blood  in  regard  to  hemoglobin,  number  of  red  blood 
cells  or  content  of  solids.  Any  error  made  in  these  comparisons  of 
dilute  solutions  becomes  magnified  when  the  original  volume  is  cal> 
culated.  Althot^h  these  criticisms  may  be  made,  the  direct  method 
as  used  by  Dreyer  and  Kay  is  probably  the  most  accurate  means  of 
determining  blood  volume  yet  devised.  It  is,  of  course,  limited  in 
application  since  the  life  of  the  animal  is  sacrificed. 

Indirect  methods  have  been  more  generally  used.  These  all  depend 
on  the  addition  of  some  substance  to  the  blood  stream  and  a  subse- 
quent determination  of  the  dilution  or  concentration  undergone  either 
by  the  blood  or  the  substance  itself.  Thus  Vierordt  (10),  who  seems 
first  to  have  used  such  a  technique,  bled  an  animal,  waited  until  he 
beUeved  the  tissue  juices  had  restored  the  lost  fluid  and  then  deter- 
mined the  dilution  of  the  red  blood  cells.  Assuming  that  the  blood 
received  from  the  Jrissues  an  amount  exactly  equal  to  the  voliune  with- 
drawn before  any  erythrocytes  were  regenerated,  the  blood  volume 
could,  of  course,  be  estimated.  The  method,  however,  rested  on  t^o 
assumptions  and  the  exact  facts  regarding  these  are  not  even  yet  com- 
pletely known.  Much  the  same  comments  may  be  made  on  Vierordt's 
method  depending  on  ventricular  output  and  circulation  time. 

Valentin  (11)  computed  volume  from  determinations  of  soUds  before, 
and  after  an  injection  of  a  measured  amount  of  water.  His  values 
were  too  high  since  either  salts  were  drawn  in  from  the  tissues  or  a 
portion  of  the  injected  water  left  the  blood  stream.  Malassez  (12) 
injected  serum  or  whole  blood  with  a  known  red  blood  cell  count  into 
an  animal  and  from  the  resulting  variation  in  the  number  of  red  cells 
made  his  computations.  This  technique  was  ingenious  but  hemolysis 
often  introduced  a  large  error.  Cohnstein  and  Zuntz  (13),  improving 
on  Valentin's  method,  diluted  the  circulation  with  isotonic  NaCI  of  a 
known  quantity  and  from  the  red  blood  cell  dilution  determined  the 
blood  volume.  Kottmann  (14)  followed  much  the  same  procedures 
but  determined  the  red  cells  by  means  of  the  hematocrit.  Oenun  (15) 
also  used  the  same  general  method  but  made  his  determinations  from 
.  comparisons  of  the  hemc^lobin  content  of  the  diluted  blood  with  that 
of  the  original.  Changes  in  the  specific  gravity  of  the  blood,  brought 
about  by  injections  of  known  amounts  of  NaCl,  were  used  by  Sherring- 
ton and  Copeman  (16)  to  determine  blood  volume.  The  chief  diffi- 
culties of  all  these  methods  lie  not  only  in  the  technical  errors  incident 
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to  blood  counts,  hematocrit  and  hcmc^obin  dPtcmunationB  but  more 
especially  in  the  extreme  rapidity  with  which  injected  water  and  salt 
solutions  leave  the  blood  serum. 

Two  injection  methods  may  be  mentioned  which  differ  from  the  pre- 
eedinx  in  that  the  substances  injected  do  not  leave  the  blood  trtrcam 
rapidly.  BchrinR  (2)  investigated  blood  volume  by  studying  the 
dilution  undergone  by  a  measured  amount  of  tetanus  antitoxin  when 
injected  into  the  blood.    This  method  be  recommended  clinically. 

A  mcthoil  of  excellent  promise  has  recently  been  described  by  Keith, 
Rowntree  and  Oeraghty  (4).  It  consists  of  an  injection  of  a  known 
amount  of  the  dye,  vital  red,  and  a  determination  of  its  dilution  in  the 
blood.  The  dye  is  harmless  in  the  doses  employed  and  repeated  detcr> 
minations  may  be  made.  Although  of  great  service  clinically,  in 
animal  experiments  the  method  often  fails  on  accoiut  of  slight  hem- 
olysis or  lipaemia.  In  addition  the  dye  cannot  now  be  generally 
obtained.  * 

Grchant  and  Quinaud  (17)  in  1883  introduced  the  CO  inhalation 
method  of  detennining  blood  volume.  This  consisted  in  breathing  a 
known  amount  of  (?()  and  then  determining  the  degree  of  saturation 
undergone  by  the  hemoglobin  of  the  blood.  The  CO  capacity  of  the 
blood  having  previously  been  determined,  the  total  volume  could 
eoHily  be  calculated.  Haldane  and  Smith  (IB)  improved  the  method 
and  later  it  was  still  further  refined  by  Zuntz  and  Pleach  (10)  and  Boy- 
colt  and  Douglas  (20).  The  CO  inhalation  method  has  never  given 
very  constant  rexulls  and,  although  it  has  iH-en  of  some  value  clinically, 
it  can  scarcely  be  said  to  have  a  great  degree  of  accuracy. 

DETRRHrNATION    OF    BLOOD    VOLCyE    WITH    ACACIA 

In  easting  almut  for  some  inert  sulwtance  that  could  be  injected 
into  the  circulation  and  then  recovered,  the  conditions  n<-ce!v>ary  for  an 
indirect  blocKl  volume  determination,  the  attention  of  one  of  us,  Doctor 
(lawer,  wus  directe<l  to  gum  acacia.  It  soeme<l  pn)l>ahle  that  this 
su)>sianre  even  in  large  dow-o  might  have  no  effect  on  any  vital  function 
and  that  it  might  tte  recovered  from  the  blood  m*  furfuml-phloroglucid 
by  the  method  of  Knil>er  (21).  On  experiment  we  found  that  both  of 
tlni«'  iKMHi) I j lilies  wen-  true.  ,\cacia  may  l»e  injected  into  a  dog  intra- 
venounly  until  the  aninmrx  blood  l>ec«nies  a  7  per  cent  or  8  per  cent 
solution  without  obvious  chiingeN  in  the  n'spimtory  or  nervous  tiystemft, 
or  in  the  ciretilaKir)',  at  leiist  ko  far  as  can  l)e  told  from  general  bhmd 
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pressure.  Under  a  local  anaesthetic  acacia  may  be  injected  into  an 
intact  animal  until  the  blood  is  a  4  per  cent  solution  without  the  general 
condition  of  the  animal  being  in  any  way  affected.  After  such  injec- 
tions acacia  may  be  recovered  as  phlort^ucid  from  a  blood  sample. 

As  a  general  plan  for  our  method  we  proposed  the  following  pro- 
cedures: First,  to  determine  the  amount  of  acacia  that  could  be  re- 
covered after  adding  a  known  amount  to  a  10  cc.  sample  of  blood. 
This  we  shall  speak  of  as  the  "control."  Second,  to  inject  such  an 
amount  of  acacia  into  the  animal  that,  on  the  assumption  of  his  having 
a  certain  percentage  of  his  body  weight  as  blood,  each  10  cc.  of  hia 
blood  would  have  exactly  the  same  amount  of  acacia  as  the  control. 
Third,  allow  ample  time  for  the  injected  acacia  to  mix  with  the  blood. 
Fourth,  after  time  for  mixing  draw  a  10  cc.  sample  of  blood  and  deter- 
mine its  acacia  content.  This  will  be  spoken  of  as  the  "blood  sample." 
The  assumed  blood  volume  in  percentage  of  body  weight  would  then 
be  to  the  true  blood  volume  in  percentage  of  body  weight  as  the  acacia 
content  of  the  blood  sample  is  to  the  acacia  content  of  the  control. 

Acacia  has  in  all  our  work  been  determined  as  fiirfurol-phlorc^Iucid 
by  the  method  of  Krober  (21).  We  have  nuide  no  important  modifica- 
tion of  hia  technique.  It  consists  in  distilling  the  acacia  or  blood  con- 
taining acacia  in  the  form  of  furfuraldehyde  from  HCl  solution  of 
specific  gravity  1.06.  To  this  distillate  is  added  1  per  cent  phloro- 
glucin  dissolved  in  HCl  of  specific  gravity  1.06.  The  distillate  should 
stand  24  hours  to  insure  a  complete  precipitation  of  the  phloroglucid. 
The  precipitate  is  then  caught  on  a  Gooch  crucible,  dried  four  hours  at 
100°C.,  cooled  in  a  desiccator  and  weighed.  One  hundred  milligrams 
of  acacia  on  the  average  yield  about  26  mgm.  of  phloroglucid.  After 
passing  the  crucible  the  filtrate  is  greenish  in  color  showing  that  some 
of  the  phlorc^lucid  is  in  solution.  For  550  cc.  of  distillate  Krober  esti- 
mates this  amount  to  be  5.2  mgm.  For  the  control  and  blood  sample 
we  must  disregard  this  correction  since,  as  shown  later,  the  amount  of 
phloroglucid  recovered  from  these  samples  is  in  itself  a  constant  frac- 
tion of  the  total  amount  of  acacia  added.  To  be  sure  that  no  more 
furfurol  is  coming  over  we  have  often  let  a  drop  of  the  distillate  fall  on 
a  paper  moistened  with  aniline  acetate.  A  pink  ring  indicates  the 
presence  of  furfuraldehyde.  All  determinations  which  had  to  do  with 
establishii^  the  method  were  done  in  duplicate.  The  method  is  in 
part  empirical  but  it  is  accurate  if  the  amount  of  phloroglucin  added 
for  precipitation  is  from  1.25  to  3  times  the  yield  in  phloroglucid.  We 
have  accordingly  added  from  5  to  10  cc.  to  our  distillates. 
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In  actual  expenmentB  we  have  found  it  most  conveoient  to  ase 
acacia  BolutiooB  of  the  following  strengthfl.  For  our  control  we  have 
added  10  cc.  of  1  per  cent  acacia  to  10  cc.  of  freahly  drawn  blood.  The 
hydrochloric  acid  was  not  added  until  10  minutes  later.  As  an  injec- 
tion,  we  have  generally  given  4  cc.  of  a  20  per  cent  acacia  solution  for 
each  kilo  of  body  weight.  The  acacia  for  injection  is  made  up  in  a 
0.9  per  cent  NaCl  solution.  In  some  of  our  earlier  experiments  the 
acacia  was  dissolved  in  water.  The  presence  or  absence  of  the  NaCl 
haa  seemed  to  make  no  difference  in  the  determinations.  If  the  animal 
should  have  8.4  per  cent  of  his  body  weight  in  blood  tben  the  amount 
injected  would  add  exactly  10  mgm.  of  acacia  to  each  cubic  centimeter 
of  his  blood,  an  amount  exactly  equal  to  what  has  been  added  to  the 
control.  Id  all  calculations  the  specific  gravity  of  blood  has  been 
figured  as  I.O.W.  After  the  acacia  determinations  are  made  the  blfxid 
volume  may  be  calculated  from  the  following  proportions; 

Weight  of  phloroglucid  in  blood 
8.4  per  cent  sample 

Blood   volume  in  per  rent  of      Weight  of  phloroglucid  in  control 
b<»dy  w.'ight 

Or  if  the  total  volume  is  desired  at  once  in  cubic  centimeters  th« 
proportion  may  he  Btate<l  in  this  way: 

20  X  cc.  of  acacia  injwtcd       Weight  of  phlnmglucid  in  blood  nam [de 
Blood  volume  in  cc.  Weight  of  phloroglucid  in  control 

This  volume  must  Ije  corrected  for  the  difference  between  the  amount 
of  blood  <lrawn  and  the  acacia  injected. 

In  a  numlK'r  of  experiments  we  detemiinod  the  yield  of  the  acacia 
itwif  in  phloroglurid.  P>om  this  we  knew  the  total  amount  injected. 
Dividing  thin  amount  by  the  amount  recovered  in  the  blood  sample 
ga\'e  us  another  nieanii  of  determining  bloo<l  volume.  This  formula 
was  iwed  to  check  up  the  olhor  detemiinationH. 

Conihtitmti  irhich  thf  method  mujif  nili-fy.  There  are  certain  criticisms 
which  the  acacia  meth<Ml  in  ntnmion  with  all  other  indirect  methcMls  of 
dctcnniniuR  blotNl  pre^iiirc  niiixt  mei-t.  The  moHt  important  of  these 
are: 

I.  Can  the  acacia  Iw  reooven'd  quantitatively  from  the  blood? 
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2.  Does  any  acacia  leave  the  blood  stream  during  the  period  allowed 
for  mixiDg? 

3.  In  the  same  period  does  the  injected  acacia  in  any  way  expand 
the  blood  volume? 

In  regard  to  the  recovery  of  acacia  from  blood  it  was  soon  found 
that  the  total  amount  added  could  not  be  regained.  To  illustrate,  if 
10  cc.  of  1  per  cent  was  foimd  to  yield  26  mgm.  of  phloroglucid,  the 
same  amount  in  blood  would  produce  only  about  21  mgm.  The 
amount  lost  varied  with  the  kind  of  blood  and  with  its  quantity. 
More  could  be  recovered  from  rabbits'  blood  than  from  dc^'.  The 
percentage  of  acacia  regained  from  varying  amounts  of  blood  may 
be  seen  from  the  following  figures  which  are  averages  from  a  number 
of  experiments. 

10  cc.  of  1  per  cent  acacia  in  5  cc.  blood  yielded  90  per  cent  of  total 
10  cc.  of  1  per  cent  acacia  in  10  cc.  blood  yielded  83  per  cent  of  total 
10  cc.  of  1  per  cent  acacia  in  20  cc.  blood  yielded  76  per  ceat  of  total 

We  are  unable  to  say  with  any  certainty  what  becomes  of  this  acacia. 
It  is  quite  possible,  however,  that  some  of  the  aldehyde  formed  in  the 
distillation  may  combine  with  substances  in  the  blood  and  so  fail  to 
pass  over.  Pentoses  are  also  known  to  form  humin  compounds  with 
some  of  the  amino  acids. 

At  first  sight  it  would  seem  that  this  loss  of  acacia,  which  is  roughly 
proportional  to  the  quantity  of  blood,  would  render  our  method  impos- 
sible. To  estimate  the  loss  would  require  a  knowledge  of  the  blood 
volume,  the  very  thing  that  the  method  is  designed  to  discover.  In 
actual  practice,  however,  it  is  not  the  amount  of  blood  which  is  the 
variable  but  the  amount  of  acacia  which  a  given  quantity  of  blood 
receives  on  injection.  If  the  blood  volume  should  by  chance  be  exactly 
equal,  to  our  assumed  8,4  per  cent,  then  each  10  cc.  of  blood  would 
receive  an  amount  exactly  equal  to  that  in  the  control.  Should  the 
blood  volume  be  either  twice  or  one-half  that  expected,  then  each  10 
cc.  of  blood  would  receive  either  one-half  or  twice  that  in  the  control. 
These  figures  represent  the  widest  possible  limits  that  might  be  ex- 
pected for  variations  in  blood  volume.  The  important  question  would 
then  seem  to  be  whether  on  adding  such  amounts  of  acacia  to  10  cc. 
samples  of  blood  we  can  recover  all  or  any  constant  fraction  of  the 
total.  On  taking  10  cc.  quantities  of  blood  and  adding  acacia  to 
them  in  such  amounts  as  the  blood  would  receive  in  the  body  should  it 
varj-  from  twice  to  one-half  normal,  the  following  data  were  secured. 
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Shomng  the  amount  of  ofocia  rtrottrtd  a*  pMoroglucid  tvhen  t  ptr  t*nt  acocia 
tn  porvtnp  fuanliliM  it  added  fe>  10  cc.  tampU*  of  blood 


■T.:'.".T 

5  cc     V    1    rsB 

to  «■    or  1  riR 

M  cr    or   1   ram 

Wo:    or  1   raa 

C«11T    ICAQ*    IK 

10  OC.    RtOOD 

10  re.  BLOOEl 

10  ffi.  a^ii^D  '" 

10  Ct    ILMB 

mtm. 

■v*. 

■•#«. 

•M-. 

11 -9 

24.0 

47.9 

12-2 

24,fl 

60.9 

11.7 

23.1 

46.0 

79.0 

10.1 

40-5 

12.3 

25.3 

£4.6 

11. fl 

24.7 

46.7 

11.8 

23.2 

50.6 

78  0 

These  fifturefi  show  clearly  that  abnost  exactly  the  same  proportioD 
of  acacia  may  be  recoveretl  as  phlorofc'ucid  from  10  cc.  of  blood  no 
matter  whether  5,  10  or  20  cc.  of  1  per  cent  acacia  have  l>oen  added. 
AJthough  10  cc.  of  blood  combine  with  more  acacia  when  20  cc.  of  the 
1  per  cent  solution  are  added,  the  percentage  yield  remains  the  same 
for  all  three  concentrations.  The  actual  recovery  in  per  cent  may 
easily  be  <letcrmined  in  any  of  the  experiments  in  which  a  preliminary 
analysis  of  the  acacia  alone  was  made.  In  experiment  1,  5  cc.  of  the 
1  per  rent  acacia  were  analysed  and  found  to  yield  15.8  mpn.  of  phloro- 
Xluci<l,  inrluding  here,  of  courae,  the  correction  for  the  amount  left  in 
solution  in  the  filtrate.  The  amounts  recovered  from  5,  10  and  20  cc. 
in  blood  were  therefore  75,3  per  cent,  75,9  per  cent  and  75,7  per  cent. 
In  experiment  2,  5  cc.  of  1  per  cent  acacia  alone  yielded  15.55  mKm., 
the  recovery  for  the  three  samples  therefore  Ik-uir  78.4  per  cent,  79.1 
per  cent  and  81.8  per  cent.  AH  the  experiments  are  not  quite  so  satis- 
factory  as  these  two  but  they  all  »ceni  sufficiently  well  in  apwment 
to  juHtify  our  contention  that  the  phloruxlucid  recovered  from  our 
contn>l  may  t>e  compared  with  that  from  the  blood  sample  to  deter- 
mine volume  even  thoufth  the  acacia  in  the  Iwo  may  vary  in  concen- 
tration. Mottt  of  the  variations  found  in  table  1  are  really  within  the 
limits  all(>we<t  for  |[ravimc(ric  methods.  Variations  of  a  few  per  cfnt 
hert>  are  fortunately  ahnoMt  without  any  influence  on  the  final  deter- 
minations of  bI<MKl  voliuiie.  In  ex[M>riii)ent  2,  for  example,  there  is  a 
(liffen>nce  of  3.4  i>er  cent  Iwtwwn  the  iXTi-eritnirr  recover^'  of  phlonv- 
(tUicid  in  the  5  and  20  cc.  tuiinplf's.  Ii  would  take  a  difference  of  altcmt 
10  \WT  cent,  however,  to  make  O.."!  jwr  c<'nt  diffcn'nco  in  the  final  tloter- 
inination  of  blixK)  volume. 


Digitized  by  VjOOQIC 


BLOOD  VOLOMB  BY  ACACIA  METHOD  309 

It  cannot  be  denied  that  the  conclusions  juat  reached  seem  incon- 
sistent with  the  evidence  already  Bubmitted  that  with  increasing 
amounts  of  blood  we  get  decreasing  yields  of  acacia  as  phloroglucid. 
This  would  seem  to  indicate  that  the  blood  contained  some  substance 
with  which  the  acacia  or  one  of  its  decomposition  products  united 
according  to  the  general  law  of  chemical  proportions.  If  this  were  true 
on  increasing  the  amount  of  acacia  added  to  10  cc.  samples  of  blood  we 
should  expect  to  get  a  steady  increase  in  the  amount  of  acacia  recovered 
aa  phloroglucid.  On  the  contrary,  we  have  found  that  within  limits 
the  same  percentage  of  acacia  is  always  recovered  as  phloroglucid  from 
a  given  amount  of  blood.  There  is,  however,  a  possible  explanation 
for  such  a  contradiction.  As  the  concentration  of  the  acacia  in  the 
10  cc.  sfimples  increases  it  might  form  polymers  with  some  unknown 
constituent  of  the  blood  instead  of  combining  according  to  the  law  of 
chemical  proportions.  There  are  several  facts  that  indicate  such  a 
possibility.  Pentosans  are  known  to  polymerize  in  the  formation  of 
humin  compounds.  Furfurol  has  been  shown  to  combine  with  phloro- 
glucin  in  varying  proportions  according  to  the  concentrations  of  each. 
There  must,  of  course,  some  time  be  an  end  to  the  power  of  polymeriz- 
ing and  we  should  accordingly  find  a  concentration  of  acacia  that 
would  .give  more  than  the  expected  yield.  Twenty  cubic  centimetei? 
of  1  per  cent  acacia  in  10  cc.  of  blood  is  probably  very  near  this  limit. 
The  yield  for  20  cc.  aa  shown  by  table  1  is,  in  most  of  the  experiments, 
very  close  to  four  tim.es  that  for  5  cc.  but  in  several  it  is  high  and  the 
average  is  somewhat  above  what  is  expected.  When  30  cc,  of  1  per 
cent  acacia  are  added  the  limit  in  which  we  recover  our  expected 
amount  is  definitely  passed  and  instead  of  the  yield  being  70.2  mgm. 
it  is  79  mgm.  Whatever  the  explanation  may  be  the  important  thing 
for  our  method  is  the  undoubted  fact  that  we  can  regain  exactly  the 
same  percentage  of  acacia  as  phloroglucid  from  a  10  cc.  blood  aample 
if  it  has  anywhere  from  5  to  20  cc.  of  1  per  cent  acacia  in  it.  These 
limits  represent  the  concentrations  found  in  blood  volume  determina- 
tions of  one-half  to  two  times  normal. 

The  second  condition  that  our  method  must  satisfy  is  that  no  acacia 
shall  be  lost  during  the  period  allowed  for  mixing  with  the  blood.  It 
is  of  course,  well  known  that  many  substances  begin  to  leave  the 
blood  stream  as  soon  as  injected.  Although  this  might  not  be  expected 
of  a  compound  having  as  large  a  molecule  as  acacia,  it  is  a  matter  that 
must  be  determined  as  carefully  as  possible. 

We  have  usually  allowed  ten  minutes  after  injection  for  the  acacia 
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to  mix  thoroufchly  with  the  blocM).  This  time  has  seemed  longer  than 
really  necessary  but  we  have  preferred  to  be  on  the  safe  side.  Keith, 
Rowntree  and  Geraghty  (4)  allowed  three  minutes  for  vital  red  to 
mix  with  the  blood.  Pleach  (1)  considered  three  to  four  minuter 
ample  for  mixing  after  injection  of  sodium  chloride.  Sherrington  and 
Copeman  (16)  found  mixing  complete  in  the  rabbit  after  as  nhort  a 
period  as  thirty  to  forty  seconds.  Acacia  in  a  20  per  cent  solution  is  a 
rather  viscous  fluid  and  could  not  be  expected  to  mix  as  quickly  as 
NaCI.  Granting  fifteen  seconds  as  the  circulation  time,  ten  minultw 
would  allow  the  acacia  to  travel  through  the  body  forty  timi's,  cer- 
tainly opportunity  for  mingling  completely  with  the  blood.  Our 
analyses  not  only  justify  Bucb  a  conclusion  but  show  that  any  time 
after  five  minutes  the  mixing  U  complete.  The  following  table  com- 
pares analyses  of  blood  samples  taken  five  and  ten  minutes  after  the 
injection  of  acacia  was  completed. 


Showing  lh«  amount*  of  arai 


TABLE! 
I  Ttrovtrrii  at   phlorogtucid  frnm  * 


mpltt  taktn  ol 


30.0 

30.9 

23  A 

30. S 

17.5 

204 

17  fl 

'n  h 

10  -t 

30.0 
30.0 
24.1 
30.0 
17.5 
IH  0 


Wilh  the  exception  of  experiment  0,  for  which  we  have  no  explana- 
tion, thime  analyst's  show  a  ver>'  clotw  agreement  Itetween  the  6\'e  and 
ten  minute  samples.  Three  important  points  are  made  clear  by  (ht'sc 
data;  first,  that  the  aeacia  does  mix  thoroughly  with  the  blood;  seeon<l, 
thiit  we  have  allowed  ample  time  for  mixing;  and  third,  tliat  during 
thi!!  peritxl  there  is  no  lows  of  aatcia  from  the  blwMl  stn-ain. 

rilimatcly  the  acacin.  of  eourw.  <li>tjtppeitrs  from  the  IiI(mm1.  We 
have  not  utteniple<l  to  work  out  the  exiict  curve  of  It;"  dis!ipi»eii ranee 
but  n  nunilHT  of  iiitin-sliiig  oltru-rviitidii*'  have  Ixt-n  miute  whii-h  niny 
hiive  Niine  l>e;iriiiK  im  the  wf  of  nc:icia  ii.i  nil  inj'riion  fluid.     In  one 
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experiment  after  injectioD  we  found  the  following  amounts  present  in 
10  cc.  samples  at  various  times  up  to  five  hours. 

3  minutes 15,9 

12  minutes 15.8 

18  minutes 15. 1 

60  minutes 14.4 

5  bonrs 12.2 

In  this  case  the  decrease  at  the  end  of  the  first  hour  was  about  8.S  per 
cent  and  this  increased  to  22.8  per  cent  at  the  end  of  five  hours.  In 
another  experiment  at  the  end  of  twenty-four  hours  there  was  still 
present  50  per  cent  of  the  original  amount  injected.  In  two  experi- 
ments in  which  perfectly  normal  dogs  received  intravenous  injections 
of  acacia  in  large  doses,  12  to  15  cc.  per  kilo  of  a  20  per  cent  solution, 
there  was  found  in  the  blood  forty-eight  hours  later  42  per  cent  in  one 
and  33  per  cent  in  the  other. 

The  third  criticism  which  our  method  has  to  meet  is  that  the  acacia 
must  not  of  itself  expand  the  blood  volume.  This  might  be  brought 
about  mechanically  by  the  injection  of  large  quantities  or  by  the 
osmotic  properties  of  the  acacia.  The  first  of  these  is  easily  controlled. 
In  large  animals  where  the  amount  to  be  injected  exceeds  the  blood 
drawn  for  the  control  we  bleed  an  amount  equal  to  the  quantity  to  be 
injected.  It  is,  of  course,  well  known  that  after  hemorrhages  fluid  is 
drawn  in  from  the  tissues  to  restore  the  depleted  blood  and  that  this 
process  b^ns  immediately.  Sherrington  and  Copeman  (16)  found 
after  drawing  32  cc.  of  blood  from  a  six-pound  rabbit  that  the  maxi- 
mum reduction  in  specific  gravity  was  not  reached  until  fifteen  to 
twenty-five  minutes  afterward.  From  this  it  does  not  seem  that  draw- 
ing an  amount  of  blood  equal  to  the  volume  injected  could  introduce 
an  appreciable  error  for  our  injection  begins  at  once  after  the  bleeding 
and  it  is  finished  usually  within  a  few  ihinutes.  In  small  animals  the 
amount  drawn  for  controls  may  be  greater  than  the  amount  of  acacia 
to  be  injected.  In  these  cases  it  is  often  convenient  to  inject  8  cc.  per 
kilo  of  10  per  cent  acacia  instead  of  4  cc.  per  kilo  of  20  per  cent. 

That  the  osmotic  pressure  of  the  acacia  has  not  influenced  the  blood 
volume  during  the  mixing  period  is  shown  by  the  data  in  table  2.  It 
is  evident  that  there  would  be  a  constant  decrease  in  the  amounts 
recovered  in  the  ten  minute  samples,  if  the  blood  volume  were  being 
expanded,  unless  the  total  expansion  took  place  within  the  first  five- 
minute    period.     Evidence    obtained    by    following    the    hemoglobin 
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shows,  however,  that  this  is  not  the  case.  This  conclusion  is  also 
borne  out  by  numerous  blood  counts.  At  the  end  of  the  mixinR  period 
there  has  never  been  a  decrease  in  the  red  blood  count  that  was  not 
abiiOHt  entirely  accounted  for  by  the  direct  dilution  icsultinR  from  the 
injection.  In  some  cases  there  has  bocn  a  sUiiht  increase  after  injec- 
tion, the  moaning  of  which  is  not  clear.  In  table  3  are  given  the  data 
covering  these  points. 

TABLE 


':^^:z'^7r 

WTIll.TIDDIllTIO?! 

"ro'nv^i;?:;" 

"Vt^-Tc^'" 

praM 

Hr«M 

8.330.000 

10 

7.530,000 

0 

8,6«,000 

16 

8,mo,ooo 

Inrreue 

4.650,000 

5 

4.792,000 

IncreBM 

4.3<».oao 

9 

4,032.000 

7 

fi.mo.ooo 

12 

5,008,000 

13 

7.040,000 

15 

6,236.000 

11 

8.440,000 

D 

7.800.000 

9 

6.583,000 

13 

5,405,000 

17 

6.700,«IO 

10 

6,»MO,000 

12 

8.750,000 

4 

8,500,000 

8 

Even  after  the  miung  period  no  further  dilution  appears  in  the 
blood  at  least  for  a  ron8i<lerable  period  of  time.  Data  from  two  exper- 
iments covering  this  point  are  here  given. 

tiectmLrr  $.  Dog 

10.10  a.m.     Blood  count  cqiialH 6,016,000 

lO.M  a.m.     Acacia  injirti-d 

10.40  a.m.     Blotid  count  <-(|U>ils 5,608.000 

10.59  a.m.     Blijod  count  c<|MsU  5.«0,(in0 

11.40  a.m.     Blood  oounl  cqunla  5.536,000 

littrmi.tr  if.  Dog 

9,4.1  a.m.     Blood  count  equaU 6,800.000 

HMMIa.m.     Acnria  inj.Tl.il 

I0.:i7am.      BI.khI  coiiht  f.iuuIn 0,100.000 

A  20  per  cent  wtlution  of  aencia  in  a  O.d  per  cent  Nad  has,  however, 
an  oeimitic  prexHure  ai>pn-(-i»)ily  hinher  than  that  of  the  blood  M>rtun 
and  it  would  iM-eni  tliiit  Mxmer  or  later  thiH  induenre  would  exert  itw>If 
by  drawing  in  water  froiti  the  li^.^ucs.     In  certain  experiments  we  have 
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evidence  that  in  the  course  of  an  hour  or  two  this  really  may  take 
place.  Our  injection  of  4  cc.  per  kilo  of  20  per  cent  acacia  converts 
the  plasma  of  a  dog  into  a  1.38  per  cent  acacia  solution  on  the  basb  of 
the  plasma  being  60  per  cent  of  the  blood  and  the  total  blood  volume 
being  about  9  per  cent  of  the  body  weight.  Two  things  would,  of 
course,  happen  to  the  plasma  in  this  case.  Its  osmotic  pressure  would 
be  lowered  by  the  dilution  undergone  on  adding  the  acacia,  but  this 
would  be  more  than  compensated  for  by  the  increase  due  to  the  higher 
osmotic  pressure  of  the  acacia.  The  dilution  would  be  about  1/13.5 
(7.4  per  cent)  of  the  plasma  volume.  This  would  lower  the  colloidal 
osmotic  pressure  of  the  plasma  about  2.70  mm.  Hg.  using  Bayliss' 
(22)  figures  for  the  osmotic  pressure  of  serum.  Bayliss  found  7  per 
cent  sodium  acacia  to  have  an  osmotic  pressure  of  39  mm.  Hg.  If 
calcium  acacia  is  the  same,  a  1.38  per  cent  solution  would  have  a  pres- 
sure of  7.7  mm.  Hg.  The  plasma  would  thus  have  its  colloidal  pres- 
sure lowered  2.70  mm.  and  raised  7.7  mm.  bringing  it  to  45  mm.  Hg. 
This  is  an  increase  of  12.5  per  cent  above  the  original.  We  might  then 
expect  a  plasma  dilution  of  about  the  same  percentage  due  to  the 
inflow  of  tissue  juices.  But  the  plasma  is  only  about  60  per  cent  of 
the  total  blood  volume;  therefore  the  total  blood  volume  could  be 
expanded  only  about  7.5  per  cent.  It  should  be  recalled  at  this  point 
that  we  have  already  submitted  data  showing  that  at  the  end  of  an 
hour  something  like  9  to  10  per  cent  of  the  acacia  had  left  the  blood 
stream.  Data  for  only  one  experiment  have  been  given  but  the  results 
are  in  harmony  with  those  of  several  others.  This  decrease  in  acacia 
is  due  only  in  part  to  expansion  of  the  blood,  since  the  maximum  dilu- 
tion as  determined  by  the  hemoglobin  content  of  the  blood  has  never 
been  found  to  be  greater  than  7.5  per  cent,  an  amount  which  corre- 
sponds closely  to  the  calculated  theoretical  expansion.  Data  covering 
this  point  may  be  seen  in  the  following  table. 

It  will  be  noticed  from  table  4  that  the  maximum  expansion  occurs 
before  the  end  of  an  hour.  The  9  to  10  per  cent  decrease  in  the  acacia 
of  the  blood  stream  is,  therefore,  in  part  a  real  loss  and  additional 
evidence  of  this  fact  is  afforded  by  a  reaction  for  pentose  which  may  be 
obtained  from  the  urine  at  this  time.  From  the  foregoing  data  and 
discussion  it  is  evident  that  the  osmotic  properties  of  the  acacia  are 
not  a  seriously  disturbing  element  in  the  determination  of  blood  volume. 

Second  determtTiations  of  blood  volume  in  the  same  animal.  To  be 
most  useful  a  blood  volume  method  should  be  capable  of  being  used  at 
frequent  intervals  on  the  same  animal.     The  acacia  method  may  be 
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J  at  dtltrmintd  by  Dit  honoploftin  contend  oJ  mKom 
period*  after  injection 
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Ufied  at  least  twice  successfully  in  the  same  experiment.  For  the  sec- 
ond control  10  cc.  of  blood  are  drawn  and  to  it  are  added  5  cc.  of  the 
1  per  cent  acacia  solution.  An  injection  equal  to  one-half  the  first  is 
now  made,  the  usual  time  for  mixing  allowed  and  then  the  serond 
blood  sample  drawn.  The  acacia  content  of  these  samplra  as  pbloro- 
glucid  is  then  determined.  In  order  to  make  use  of  these  data  the 
amount  of  acacia  remaining  in  the  blood  from  the  first  injection  must 
be  known.  This  is  easily  found  by  subtracting  one-half  of  the  first 
control  from  the  second.  If  this  difference  is  now  subtracted  from 
the  second  blood  sample,  the  equation  may  be  completed  as  follows: 

Pg.  in  second  blood  sample— 

(Pg.  in  second  control  —  )  firft  control) 

}  First  control 


8.4  per  cent 


BI(kmI  volume  in  per  cent  of 
body  weight 

Immediately  succeeding  determinations  will  be  found  to  corrr^ixind 
if  the  analyses  are  done  in  duplicate  and  the  duplieates  check  each 
other  cl<»Hely.  Tbe  nece.'wity  of  perfection  in  technique  is  appan>ot 
when  one  considers  that  an  error  of  only  0.1  mgin.  may  change  tbe 
weeon<i  blood  volume  as  much  as  0,1  per  cent  of  b<Miy  weight.  This  is 
due  to  the  small  weights  conipnred  in  the  ratio  un^-d  for  the  txH-ond 
detemiinution.  In  table  h  are  given  tho  results  of  thnie  such  <leter- 
ntiimtions. 

In  tiiblt-!*  tl,  7,  8,  niiiy  Ik*  found  the  data  from  a  nunilxT  of  blood 
volume  dutenniniktinii.x  on  dogn,  cnts  ami  mbbits.     We  have  made  no 
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particular  effort  to  compare  these  results  with  those  of  previous  work- 
ers.   Pleach  found  the  average  blood  volume  in  nine  healthy  dogs  was 
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TABLE  0 

Blood  volvme  of  dog*  in  percentage  of  body  tceight' 
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10.43 

9-40 
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10,20 

20.00 

24.0 

22.3 

0.0* 

9.47 

Average 

*ln  these  experimentB  12  cc.  per  kilo  of  7  per  cent  a 
formula  waa  therefore  replaced  by  8.8, 


re  used;  8.4  of  the 


8,57  per  cent  of  body  weight  with  variations  from  7.42  per  cent  to 
10.46  per  cent.  For  rabbits,  Dreyer  and  Ray  give  the  blood  volume 
as  4.92  per  cent  of  body  weight  although  it  should  be  noted  that  they 
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do  Dot  believe  the  ratio  of  blood  volume  to  body  weight  is  a  constant 
ia  normal  animals  of  any  given  species.  Our  results  are  therefore 
somewhat  higher  than  any  previously  reported. 

TABLE  T 
Blood  volume  of  rati  tn  ptrcentage  of  body  >rtight 
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A  iiirthcMl  of  liltMxl  volunif  tlclfntilmilion  by  mraii!>  of  an  araria 
injiTtion  hiu<  Ixt-n  rt-ixirti'd.  Tlx'  rni-thMl  drjM'nils  on  an  injfM'tion  of  a 
kntm'n  amount  of  lu-aciii  into  lh<>  bIcHMl  nircnm  and  a  detiTniinalinn  of 
tbo  (liiiilion  uiiiifTK'inf  by  thi>  arnrin  after  time  for  mixing  with  the 
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blood  has  been  allowed.  The  acacia  has  been  determined  as  furfurol- 
phloroglucld  by  the  method  of  Korber.  The  injection  of  4  cc.  of  20 
per  cent  acacia  per  kilo  has  been  shown  to  be  harmless  to  the  animal, 
neither  does  it  expand  the  blood  volume  during  the  time  necessary  for 
a  detennination. 

By  this  method  the  average  blood  volume  of  the  dog  has  been  found 
to  average  9.72  per  cent  of  the  body  weight.  For  the  cat  and  rabbit 
the  percentages  are  5.50  and  5.44  respectively. 

The  authors  wish  to  thank  two  of  their  students,  Mr.  A.  E.  Cole 
and  Mr.  A.  R.  Lai^ahr,  for  help  in  making  analyses  and  performing 
experiments. 
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IV.  The  Rateb  or  Cd  Production  bt  Starved  and  Fed  Para- 

MECIA,  AND  TBEIR  POSSIBLE  ReLATIOK  TO  THE  RaTES  OF  OxiDATION 
IN  THE   UnFEBTIUEED  AND  FeRTIUEED  SbA   UrCHINB  EoQ 
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From  IKt  Dtpartmenl  of  Animal  Biology,  Vnirtrtity  of  Uinnttota 

R«ceiv«d  for  publication  October  17,  1918 

The  purpose  of  the  present  paper  is  a,  to  present  data  whirh  show 
that  the  carbon  dioxide  production  by  Paramecium  is  incrpaaed  very 
markedly  after  ingestion  of  food  such  as  yeast  or  egK  yoik,  thus  con- 
firmioK  the  results  present^  in  the  previous  paper  on  the  relation 
of  stale  of  nutrition  and  rate  of  oxygen  consumption;  and  b,  to  show 
that  this  marked  increase  in  respiration  is  not  necessarily  accompanied 
by  coll  division,  thus  being  closely  parallel  to  the  condition  found  by 
others  in  the  egg  of  the  sea  urchin. 

For  dctennining  such  very  small  quantities  of  carbon  dioxide  as  are 
produced  by  1  or  2  cc.  of  a  suspension  of  Paramecium,  a  method  was 
employed,  the  description  of  which  has  been  given  elsewhere  together 
with  tests  of  its  accuracy  (!■). 

The  conclusions  from  results  of  the  experiments  reported  below, 
using  this  method,  do  not  depend  for  their  validity  upon  the  question 
as  to  whether  the  method  is  capable  of  measuring  the  alMolutc  quantity 
of  carlxin  dioxi<le  produced  by  the  (irganixms,  for  the  ni^asuremenln  of 
the  carlH)n  dioxide  pnxluced  by  the  fed  and  star\'e<l  Paramcria  are 
primarily  comparative,  which  is  all  that  is  require<l  for  establiiihing 
the  conclumons.  As  a  matter  of  fact,  the  n-sults  vcr>-  probably  also 
rfpresent  the  almilute  quantities  of  {'()»  produced  by  the  Paraniecia 
during  the  periods  of  the  exp«>riinent s,  within  limits  of  error  of  the 
mcthtxl  when  such  small  amounts  of  carlxm  dioxide  are  measun-d. 
When  the  mctlxMl  is  properly  carriiil  f»ut.  the  error  in  mcnfuring 
amounts  of  cnrlxm  ilioxiile  equal  ta  thiit  lilMTiiIcd  from  I  niinti.  of 
XiijCO,  by  an  acid  is  nlKnit  equal  to  5  per  cent. 
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The  results  of  four  experiments  are  given  in  the  following  four  tables. 
The  procedure  was  practically  the  same  in  all  of  them.  They  differed 
only  in  the  degree  of  starvation  before  the  experiments  were  begun  and  in 
the  number  of  Paramecia  tested  in  each  experiment.  The  description 
of  the  plan  and  procedure  of  the  experiment,  table  1,  will  apply  to  all 
the  others  except  for  minor  differences  which  are  noted  in  the  descrip- 

TABLE  1 

Paramecia  mere  starved  ti  hours  before  being  u*ed.  The  proloplatm  wat  clear. 
Figures  refer  to  the  number  of  cubic  eeiUimeters  n/lOO.S  HCI  n«:e«>ary  for 
neutralifation  of  the  free  Ba(OH)i  in  each  bottle.  Twenty  cubic  centimeters 
Ba(OH)i  were  added  to  each  boUh.  Duration  of  experiment,  SS  hours.  Tem- 
perature te'C. 


"'"JcV"    1                              «T«T«.«.«>orMBou« 

Contnli.    No  yaut  added 

Y«»t»ld«d 

■onL. 
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i 

Blank* 

:«.Param«U 

Up" +8111^ 
NS¥a"mida 

+Tdrog™, 

2  ee.  "nalirs 

1 
2 
3 

21.40 
21.36 
21.40 

19.60 
19.  SS 
19.57 

30.15 
20,30 

18.80 
18.80 

20.15 
20.20 
20.12 

Average. 

21.38 

19.57 

20.22 

18.80 

20.15 

Average  cc.  n/lOO.S  HCI  equivalent  of  COi  absorbed  from  air  in 
bottle  and  2  cc.  "native  tap."    Difference  between  columns  1     a. 
and  3 1.16 

Average  cc.  d/100.3  HCI  equivalent  of  COi  produced  by  dead  yeast. 
DifTerence  between  averages,  columns  3  and  5 0.07 

Average  cc.  n/100.3  HCI  equivalent  ol  COi  produced  by  starved 
Faramecia.    Difference  between  averages,  columns  2  and  3 0.65 

Average  cc.  n/100.3  HCI  equivalent  of  COi  produced  by  fed  Para- 
mecia.   DifTerence  between  averages,  columns  4  and  5 1,35 

tion  above  each  of  the  tables.  Paramecia  from  a  pure  line  were  trans- 
ferred gradually  from  native  hay  infusion  to  tap  water  and  starved 
for  various  periods  of  time.  This  suspension  was  concentrated  with 
the  centrifi^e  just  before  the  beginning  of  the  experiment.  The 
words  "native  tap"  in  columns  3  and  5  of  the  tables  mean  the  tap 
water  medium  into  which  the  Paramecia  had  finally  been  transferred 
after  washing.    Fresh  compressed  yeast  suspended  in  fifty  times  its 
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volume  of  dJRtiUod  water  wan  killed  by  boilinK  for  one  minute,  quirkly 
eooled  and  then  washed  in  tap  water  by  nieanfl  of  the  oentrifuKe.  Thin 
suspension  of  yeast  was  used  as  food  for  the  animals.  The  fifiures  in 
table  1,  column  1,  are  the  number  of  eubie  eentimetenin  100.3  HCl 
which  were  necciRiiry  for  neutralisation  of  20  ec.  of  the  Mock  solution 
of  Bn  (()H)i,  i.e.,  before  atntorption  of  any  Cf),.  The  procedure  in  add- 
ing the  Ba(OH)i  solution  to  the  Iwttles  and  titration  has  IxH-n  fciven  in 
the  description  of  the  method. 

The  numWm  in  columns  2,  3,  4  and  5  give  the  numlter  of  cubic 
centimeters  n  100.3  HCl  necessary  to  neutralize  the  remaininK  free 
liaso  after  absorption  of  all  COj  liberated  from  various  sources,  as 
indicatetl  in  the  separate  columns,  during  the  period  of  the  exp<Timent 
which  was  in  this  ease  twenty-three  hours.  The  average  ('()j  pro- 
duced by  the  unfed  Paramecia  in  2  cc.  of  the  concentrated  Paramecium 
suspension  in  tap  water  during  twenty-three  hours  is  equal  to  the  dif- 
ference between  the  averages  in  columns  2  and  3.  The  average  in 
column  3  is  a  control  to  determine  bow  much  free  Ba(()H)t  in  temi-i 
of  cubic  centimeters  n  100.3  HCl  remained  after  all  free  ("(>»  from  the 
air  in  the  bottles  and  the  dissolve<l  Cih  in  the  2  cc.  tap  water  metlium 
in  which  the  Parameeia  lived  (designated  "native  tap"  in  the  tables), 
ha<l  been  at>sortx>d. 

l^e  Imttles  in  column  2  were  set  up  exactly  like  those  in  column  3 
except  that  Parameeia  were  present.  It  is  therefore  obvious  that  the 
numl>ers  in  column  2  repres<'nt  the  amount  of  free  Ba4t>H)i  in  terms 
of  cubic  eentimeters  n  100.3  HC"1  which  remained  after  all  the  free 
('<>i  pn-sent  in  the  air  in  the  bottle,  plus  that  amount  which  was  dis- 
S4»lved  in  the  2  cc.  tifp  water  me<)ium  introduc^'d  with  the  Parameeia, 
plus  Ihf  amotinl  of  COx  produced  by  the  Parameeia  in  3  re.  of  tkr  ttoek 
nuKjtennion,  during  23  hourt,  had  l»een  al>s«rl)ed.  The  figures  in  r<»l- 
umn  2  are  smaller  than  those  in  column  3,  thus  showing  that  more 
BjiiOIDi  had  iMvn  neutralJEetl  in  these  bottles  than  in  thoM>  of  column 
3.. i.e..  more  <"()»  had  l)een  absorl>ed  in  IkjUIch  of  column  2  than  in 
those  in  column  .'(.  This  difference  in  cubic  renlimetern  n  100.3  HCl  is 
then-fiin-  e<|uiv»lenl  to  the  amount  of  C"()i  priMluctMl  by  the  unfml 
Paramecin  in  2  cc.  of  the  Paramecium  siis|K'iision  during  23  hours. 
In  this  ex|M-rinu>nt  the  Ctt,  produced  by  the  star\-ed  animals  was 
e()uivatent  toCtlT.  cc.  n   100.3  HCl. 

Tlio  Ixittles  in  cohinnis  4  and  .5  are  mtct  duplirafia  n-spert ivcly  of 
the  IxiUles  in  columns  2  and  .'(,  except  ibiil  foiMl  (ihn-e  drops  of  the 
su!-|M'iisii>n  of  yi'iist  cells  in  tap  water)  was  added.     Tlie  figure*  in 
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column  5  therefore  give  the  amount  of  free  Ba(OH)]  remaining  after 
all  COi  present  in  the  air  in  the  bottles,  plus  the  COi  dissolved  in  the 
2  cc.  tap  water  medium,  plus  any  COj  produced  by  the  killed  yeast 
cells,  had  been  absorbed.  Xhat  the  killed  yeast  did  not  produce  any 
C0|  is  shown  by  the  fact  that  the  average  amount  of  6a(0H)3  left  in 
the  bottles  in  columns  3  and  5  is  the  same  within  the  limits  of  error  in 
titration.  The  average  amount  of  COj  produced  by  the  fed  Paramecia, 
column  4,  is  therefore  equivalent  to  the  difference  between  20.15  cc. 
n/100.3  HCl,  column  5,  and  18.80  cc.  n/100.3  HCl,  column  4,  or  1,35 
cc.  n/100.3  HCl.  The  quantity  of  COj  produced  by  the  starved  Para- 
mecia was  therefore  only  one-half  as  much  as  that  produced  by  the 
same  number  of  fed  Paramecia  during  the  same  period,  all  other  con- 
ditions being  identical. 

Both  the  actual  amounts  of  COj  produced  by  the  Paramecia  in 
terms  of  cubic  centimeters  n/100.3  HCl— 0.65  cc.  and  1.35  cc.  respec- 
tively— and  the  difference  in  these  same  amounts,  or  0.70  cc,  are  sev- 
eral times  greater  than  any  errors  entering  into  the  titrations  or  other 
sources  of  error  in  any  part  of  the  experiment.  The  maximum  dif- 
ference between  any  two  of  the  duphoate  titrations  is  0.15  cc.  n/I00,3 
HCl.  Taking  averages  of  the  duplicate  tests  reduces  this  source  of 
error  to  one-half  or  one-third.  This  degree  of  uniformity  in  the  results 
completely  justifies  confidence  in  the  method  employed  and  confirms 
its  reliability  for  determining  such  small  amounts  of  COj  as  are  dealt 
with  in  these  experiments  on  Paramecimn  and  as  was  shown  in  tests 
of  the  method  by  using  known  amounts  of  COi  in  the  form  of  Naj 
CO,  (1). 

Furthermore,  the  following  tables  show  an  equal  degree  of  accuracy 
in  the  results.  The  number  of  Paramecia  in  each  2  cc.  of  suspension 
must  be  large  enough  so  as  to  produce  a  sufficient  amount  of  COj  for 
measurement.  The  smallest  quantity  of  COj  which  can  be  measured 
to  within  about  5  per  cent  error,  is  roughly  equal  to  the  amount  of 
COi  set  free  from  1  mgm.  of  NajCOj  by  an  acid,  while  for  merely  detec- 
tion of  differences  this  amount  of  COj  may  be  as  small  as  the  amount 
of  C0»  equivalent  to  0.1  to  0.2  cc.  n/100  HCl,  or  the  amount  of  C0» 
set  free  from  about  0.05  to  0.1  mgm.  of  NaiCOj  by  an  acid.  This 
assumes  of  course  that  the  technique  of  the  experimenter  in  carrying 
out  the  experuuent  is  satisfactory  and  as  described.  Fortunately  in 
this  method  the  accuracy  of  procedure  is  indicated  by  the  degree  of 
uniformity  in  the  titrations  of  the  free  Ba(OH)s  in  the  various  dupli- 
cate bottles. 
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The  experimeot  in  table  2  ia  practicaUy  a  repetition  of  the  one  in 
table  1  except  that  a  different  suspension  of  Paramecia  was  used;  tbe 
duration  of  the  experiment  was  22  instead  of  23  hours  and  the  temper- 
ature was  24°C.  instead  of  WC.  The  average  amounts  of  COt  pro- 
duced by  equal  numbers  of  starved  and  fed  Paramecia  were  respec- 
tively equivalent  to  0.44  cc.  and  0.83  cc.  n/100.3  HCI,  hence  the 

TABLE! 

Paramtcia  itarvtd  iS  kouri  t'n  lap  icoter  prefi'ouf  lo  the  experimtiU.  Protaptatm 
trai  tranMparent.  Ttctnty  rubie  centimeteri  B«(0H)|  ircr«  adiUd  (o  tarh  boUi*. 
Duraiton  of  erperimtrU.  It  hour*.  Figwti  in  lite  tabU  rtpretent  tht  itmnbtr 
t>f  cubie  centimttert  n/ 100.3  HCl  requirtd  lo  neulralitt  tht  frit  B>(OH)i  in  tatk 
bollU.     Temperaltirt  tfC. 


,™.«»„ 

TTTUTU  iT  ■ 

morllBOim 

Cootrab.    Hoj-MtmMti 

Y.X 

■d<M 

I 

1 

1 

1     ■         • 

Bluk* 

1»    pM»d> 

Up"  -f  1  drau 

1»  Pnwru 

-rr-s- 

21.00 
20  95 
20  90 

19  60 
19  50 
19  60 

19  57 

30.05 
19.98 

19  15 
19.12 
19  05 

19  80 
19  (U 
19  95 

20  95 

»0I 

19.11 

19  94 

and  3 O.M 

Avmge  re.  n  100.3  HCl  pquivkleol  of  ('<>i  produrml  by  dud  yeaat. 

DtRnrnrv  bclirrpn  avrra|tca  in  cnlumna  3  and  5 0.07 

Avprajte  ef.  a  100.3  HCl  rquivalpnt  of  CO,  produred  by  itarvrd 

Paramrrium.  Dtffprcnce  bplirf*n  avpraum  in  columna  2  and  3.  .  0  M 
Avrrtit^  re.  n  '100.3  HCl  pquivalrnl  of  (*Oi  producrd  by  frd  Para- 

iiirrium.     Diffcrenrp  l^twrrn  avrrap**  in  rolumna  4  and  5 0  83 

CirFntcRt  dilTcrrnrr  in  any  du|>lira(«  titration 0. 10 

smnunt  of  C0|  proc]ur<^l  by  tbe  Paramimia  f<'<l  with  yeant  was  about 
twire  ax  fcreat  a^  (hat  pmducod  by  the  name  number  of  utarvctt  ones 
in  the  name  IcnRtb  of  time. 

In  onivr  to  flcn-miiiip  whothrr  the  inrrciiscd  C(>i  pnxlurtion  by 
h'ii  Paramecia  was  Piwcifically  awm-jjiH'*!  wilh  aiu)  a  rrKult  of  crll 
divixion  rut  Micb.  or  wbflhtT  it  wiih  a  n-fult  of  inKi'stiiin,  diiccHtion  and 
amiiiiilut ion  of  the  r<MH)  by  tbt'  rcU  Ic'idiriK  (o  icruwtb  but  not  cM  din- 
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sion  as  such,  the  duration  of  the  experiment  waa  shortened  to  8  and 
9  hours  Bo  OB  to  determine  the  COj  produced  by  the  starved  and  fed 
Paramecia  before  any  divisions  of  cells  had  taken  place. 

That  cell  division  does  not  take  place  under  the  conditions  of  these 
experiments  waa  shown  in  the  previous'paper  on  the  relation  of  oxygen 
consumption  to  state  of  nutrition.  In  addition  to  the  reasons  given 
in  the  previous  paper  for  believing  that  no  cell  division  took  place 
within  eight  to  nine  hours  under  the  conditions  of  the  experiments,  it 
was  shown  by  direct  counts  of  the  number  of  PAramecia  that  the  fed  ones 
had  not  increased  in  number  during  this  period.  From  the  results  of  the 
experiment  in  table  4  (really  a  double  experiment,  using  yeast  and 
yolk  of  hen's  egg  as  food  in  two  parts  of  the  experiment)  it  is  seen  that 
the  amount  of  COt  produced  by  the  yeast-fed  Paramecia  was  equiv- 
alent to  1.19  cc.  n/100.3  HCl,  while  that  of  the  starved  ones  was  equiv- 
alent to  0.35  cc.  n/100.3  HCI,  or  over  three  times  as  much  COj  was 
produced  by  the  yeast-fed  Paramecia  in  8  hours  as  by  the  same  number 
of  starved  ones.  Those  fed  with  yolk  produced  two  and  one-half 
times  as  much  CO]  as  the  starved  ones.  In  other  words,  both  yolk 
and  boiled  yeast  give  the  same  result.  Counts  showed  that  no  in- 
crease in  the  number  of  Paramecia  during  the  8  hours  had  occurred, 
hence  it  is  clearly  proved  that  cell  division  as  such  is  not  responsible 
for  the  observed  increase  of  C0|  production  with  ingestion  of  food  by 
the  cell. 

The  results  of  the  experiment  in  table  3  are  similar  but  owing  to  the 
small  number  of  Paramecia  in  each  4  cc.  of  the  Paramecium  suspension 
used,  the  quantities  of  COj  produced  by  the  Paramecia  are  too  small 
for  drawing  definite  conclusions.  The  table  is  added  to  show  the 
degree  of  uniformity  obtainable  and  to  indicate  the  minimal  quanti- 
ties of  COj  which  can  be  dealt  with  by  the  method. 

The  above  experiments  on  COj  production  confirm  in  every  respect 
those  on  the  consumption  of  oxygen  by  fed  and  starving  Paramecia 
when  Winkler's  method  for  oxygen  determination  was  used,  and  will 
serve  as  a  secure  basis  for  interpretation  of  the  relations  of  oxidations 
to  other  cell  processes  in  Paramecium  (2).  It  is  interesting  to  note 
that  the  magnitude  of  the  increase  in  rate  of  oxidations  after  feeding 
a  starved  Paramecium  is  similar,  although  somewhat  greater,  than 
that  found  in  animals  such  as  the  cat,  dog  or  man  after  feeding  protein 
(3). 

Significance  of  acceleration  of  oxidations  in  the  fertilized  echinoderm 
egg,  in  the  light  of '  these  facts.     It  is  a  well-known  fact  that  the  rate  of 
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oxi<lations  in  the  e(m  of  the  sea  urehio  in  increased  several  fold  as  a 
result  of  fertilisation,  and  Warburg  (4)  has  further  nhown  that  this 
increase  in  rate  of  oxidation  need  not  be  followed  by  cell  division  for 
when  CKKS  were  placed  in  dilute  solutions  of  phenylurethiine  after  'er- 
tilisalion,  cell  division  was  inhibited  while  the  increase  in  the  rate  of 
oxidations  was  not   prevented.     However,  in  some  of  the  fertilized 

TABLE  I 
Paramtcium  $tarftd  48  hourt  in  lap  Koter,  Duralioa  only  9  how*  t'n  ordtr  In 
tliminatt  any  po$«ibU  tfftcit  of  tell  dirition  in  Jtd  ^i»-  The  total  numhrr  uf 
Parameria  irere  loo/tir  to  givt  any  marked  differtnct  in  CO]  produttion  belirrm 
ftd  and  niarred  animalt  in  ipitt  of  Iht  fact  that  i  re.  of  the  Paranucium  tutfirn- 
tion  irtrr  vitd  inttead  of  I  ee.  at  in  tht  preeioui  txptrimentt.  Othtr  romiilioHt 
»ame  a*  in  lahlm  I  and  t. 


Bluk* 

liS'S 

"''"«.P'^ 

:t„^,_, 

S'lS 

1 

2 
3 

21  a^ 
21.05 

20  25 
20  25 

20  25 
20.30 
20  33 

30.08 
20.12 
20.15 

30  31 
30  36 
30  33 

Avetaff. 

21  (W 

20  25 

20,29 

20.11 

30.30 

si   A 


.c)3  . 


.  0  76 


Avrraec  numlur  pp.  n  100.3  HCI  rquivalpnt  of  CO,  prudurrd  by 
(Wil  yi-nnl.     DilTprpiip<>  l>plwprn  rolumnii  3  and  5 .  0.01 

Avprsftr  numl>rr  ec.  n   lflO.3  IK'I  eqiiivnlrnl  of  ('4>,  pruduprU  by 
slarvnJ  Paramrrium.    DilTerencr  Ix-lwrcn  culumnt  2  and  3 0  04 

Avpraup  numbtr  PC    n  100,3  HCI  cquivulpnt  of  CO,  prudupril  by 

fpd  I'aramrrium.     DilTpn.npp  bctwppn  clumna  *  and  &       0  19 

OrpBtPHi  difTprpHPo  indtiplioato  titratioDH 0(17 

euRs  treated  with  phenylurethane,  protoplasmic  niovenient.t  and 
nuclear  changes  occur  to  a  greater  or  less  extent,  and  umler  certain 
conditions  monasters  arc  formeil  and  even  attempts  at  cell  ilivi.xion 
("n.  Hcmv  for  the  sea  urchin's  egg  the  question  is  not  ciuite  clear  as 
to  whctlicr  incrciksi'  in  the  rate  of  oxiilation  is  entirely  inde[>cndent  of 
the  mitotic  prcM-ess  in  one  fomi  or  other.     In  Paraineciuni  it  is  certain 
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that  cell  division  does  not  necessarily  accompany  the  marked  rise  in 
rate  of  oxidations  after  feeding.     If  the  same  degree  of  independence 

TABLE  « 

Paramecta  IransferTed  slowly  to  pure  lap  water  and  left  to  starve  for  15  hours.  Then 
cortrenlrated  to  SO  ec.  Four  cubic  centimeters  of  thit  suspension  loere  uaed  for 
rack  test.  Counts  showed  that  in  each  i  ec.  there  were  from  t8,0O0  to  S0,0OOPara- 
meeia  or  from  fifteen  to  twerUy  times  the  number  present  in  each  4  cc.  of  the  tus- 
pention  used  in  experiment,  table  S.  Fifteen  cidiic  centimeters  Ba(OH)t  were 
added  to  each  bottle,  otherwiae  procedure  was  the  same  as  in  experiment,  table 
S.  A  test  using  yolk  of  hen's  egg  as  food  instead  of  yeast  is  given  in  columns  6 
and  7.  The  yolk  tuapenaion  was  made  by  diluting  fresh  yolk  with  lujenty-five 
eolumee  of  distilled  water. 


""oNCt                                                          TITHATED  AT    «MD  OF  B  HOURS 

Conlnli.    Noynataddad 

Yeaat  added 

Fnah  yolk  of  ben 'a 

BOTTLI 

1 

2 

3 

4 

s 

e 

7 

Bbnka 

Paramacia 
+  3droi» 

d?F''u' 

Patsine- 

PanJSeda 
+  3dro|ia 

csr.^i. 

No  Para- 

2 

3 

15. S5 
15.72 
15.71 

14,71 
14.63 
14,70 

15.00 
15.00 
15.08 

13.85 
13,80 
13,91 

15.15 
14.95 
1502 

14.00 
14,05 
14.20 

15.00 
15.05 
15.02 

Average . 

15,76 

14-68 

15.03 

13,85 

15.04 

14,08 

15.02 

Average  number  of  cc.  n/100.3  HCI  equivalent  of  COt  absorbed 
from  air  in  bottle  and  4  cc.  "native  tap."    Difference  between     "- 
columnB  1  and  3 0.73 

Average  number  cc,  n/100.3  HCI  equivalent  of  COj  produced  by 
dead  yeast.     Difference  between  columns  3  and  5,? 0.01 

Average  number  of  cc.  n/100.3  HCI  «quiv&leDt  of  COi  produced 
by  starved  Faramecia.    Difference  between  columns  2  and  3 0.35 

Average  number  of  cc,  n/100.3  HCI  equivalent  of  COj  produced  by 
Faramecia  fed  with  yeoat.     Difference  between  columns  4  and  5. . .  1. 19 

Average  number  of  cc.  n/100.3  HCI  equivalent  of  COi  produced  by  . 
Paramecia  fed  with  yolk.    Difference  between  columns  6  and  7. .  0,94 
Greatest  difference  in  duplicate  titrations 0. 20 

of  acceleration  of  oxidations  and  celt  division  occurs  in  the  sea  urchin 
egg  as  in  Paramecium,  then  the  means  by  which  the  sperm  or  other 
^ent  increases  the  oxidations  in  the  e^  may  be  by  making  available 
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for  asBunilation  and  growth  the  deutoplasmic  food  (yolk)  reserve  of  the 
cell,  just  as  ingestion  of  food  into  the  food  vacuole  of  Panunecium 
makes  possible  assimilation  and  growth  and  hence  doubling  or  trebling 
of  rate  of  oxidations.  That  the  causes  for  an  increase  in  rate  of  oxida- 
tions in  the  sea  urchin's  egg  after  fertilisation  and  in  Paramecium 
after  feeding  are  the  same  seems  furthermore  entirely  probable,  for 
■the  following  reasons.  It  has  been  definitely  shown  that  increase  in 
permeability  of  the  surface  protoplasm  of  the  egg  follows  fertilisatioo, 
and  while  we  have  no  such  clear  evidence  as  to  changes  in  permeability 
in  the  internal  plasma  membranes  of  the  egg  (phase  boundaries  between 
different  components  of  protoplasm,  such  as  alveolar  membranes)  at 
the  time  of  cleavage,  yet  these  phase  boundaries  of  the  internal  part« 
of  the  cell  imdoubtedly  undergo  similar  changes  in  permeability.  One 
of  the  ftmdamental  properties  of  protopUam  is  its  development  of 
internal  surface.  If  we  are  able  to  apply,  as  seems  very  probable,  the 
facts  and  conceptions  of  pemieability  derived  from  study  of  the  outer 
cell  surface  to  internal  cell  membranes,  such  as  walls  of  the  alveoli 
which  are  so  common  a  feature  of  cytoplasmic  structure,  then  we 
'  have  gone  a  long  way  toward  discovering  a  mechanism  which  will 
account  in  a  rational  way  for  many  well-known  but  isolated  facts. 
One  of  these  is  the  differential  distribution  of  substances  in  the  cell, 
such  as  pigments  and  different  solutes  in  different  vacuoles  of  the  same 
cell.  The  internal  plasma  membranes  and  phase  boundaries  evidently 
serve  as  the  means  of  separating  and  preventing  an  intermixing  of 
these  solutes.  Internal  plasma  membranes  because  of  their  peculiar 
permeabiUty  properties  make  possible  cellular  differenliation  of  the 
crll  Holuiion.  If  admixture  of  these  substances  (e.g.,  enij'mes  and 
their  suttstratcs)  are  made  possible  by  an  increase  in  permeabihty  of 
thene  internal  plasma  membranes,  then  chemical  changen  are  initiated. 
In  this  way  it  is  easy  to  conceive  of  the  internal,  differentially  semi- 
permeable plasma  membrane  system  as  being  the  main  controlling 
mechanism  for  at  least  certain  of  the  chemical  and  physical  processn 
in  the  cell.  From  this  viewpoint  it  is  readily  seen  that  the  yolk  or 
f(>o<I  rewr%-e  of  the  egg  (ochinfMlerm)  may  not  differ  in  its  rehition  to 
the  nietal>oh.im  of  the  egg  in  any  essential  respects  from  the  food 
rc'terve  and  ingcste<l  fotxl  of  Paramecium.  Fertilization  in  the  egg 
involves  incr<'iL-«'  in  pcmicithility  of  the  limiting  plasma  membnuifs 
anrund  (he  yolk  pnrli<-lcs  in  th<-  cytopliutin,  which  leads  to  digestion, 
altsorplion  and  syntht-^JH  of  living  protupliism  and  hence  increase  in 
rale  of  oxidations  jimt  as  occurs  in  Parainccimn.     In  Paramecium  and 


Digitized  by  VjOOQIC 


INTRACELLULAR  RESPIRATION   IN   PARAMECIUH  327 

still  better  known  for  Bursaria  (a  ciliate  similar  to  Paramecium)  it  hag 
been  definitely  shown  that  the  permeability  of  different  food  vacuole 
membranes  differs  and  further  that  the  same  plasma  membrane  differs 
in  its  degree  of  permeability  at  different  times  during  the  process  of 
digestion  and  absorption  of  the  food  contents.  Furthermore  this 
permeability  is  in  this  case  to  some  extent  selective  (6).  If  the  plasma 
membranes  of  the  food  vacuoles  of  Bursaria  possess  these  properties 
is  it  not  very  probable  that  similar-  capacities  for  change  should  be 
present  in  the  internal  membranes  of  the  sea  urchin  egg  and  other  cells? 
The  results  from  the  study  of  Paramecium  in  this  and  the  previous 
paper,  together  with  the  above  interpretation  of  the  possible  r61e  of 
internal  plasma  membranes  in  the  echinoderm  egg  at  the  time  of 
fertilization,  place  the  phenomenon  of  the  marked  increase  in  oxidation 
in  Paramecium  after  feeding  and  the  similar  increase  in  rate  of  oxidar 
tion  in  the  sea  urchin  egg  after  fertiUzation  on  the  same  basis  and 
subject  to  the  same  interpretation,  thus  making  clear  the  significance 
of  the  several-fold  increase  in  rate  of  oxidations  of  the  sea  urchin's 
egg  after  fertihzation. 

snuuART 

1.  Feeding  a  starving  ParameciiBn  with  yeast  or  yolk  of  hen's  e^ 
increases  the  rate  of  COi  production  from  two  to  three  times,  thus  con- 
finning  the  previous  results  on  the  measurements  of  the  rates  of  oxygen 
consumption.  , 

2.  This  acceleration  of  the  oxidations  occurs  in  the  absence  of  cell 
division.  The  process  of  cell  division  as  such  in  all  probability  is  not 
associated  with  any  marked  change  in  the  rate  of  oxidations. 

3.  The  immediate  conditions  which  underlie  the  difference  in  rates 
of  oxidation  in  the  unfertilized  and  fertilized  sea  urchin's  egg  are  in  all 
probability  the  same  as  those  underlying  the  difference  in  rate  of 
oxidations  in  a  starving  and  well-nourished  Paramecium. 

4.  The  results  from  experiments  on  Paramecium  show  that  the 
method  can  be  used  for  determining  very  small  quantities  of  carbon 
dioxide  produced  by  unicellular  or  other  lower  organisms. 
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A  sun-py  of  the  results  of  recent  work  indicates  that  at  least  nx 
diffen-nt  sulwtanceH  are  coneemp<i  in  one  way  or  another  in  the  pn>c("w 
of  blmxi  coaKulation;  namely,  tihrinoKen,  thromlnn,  prnthronihin, 
ciiU-ium,  antithrombin  and  the  so-ealled  z>inopla»il ir  or  thromlKtplaytic 
subslaiicea  funiiwhcd  by  the  Ixxly  rells  in  petiiTal,  ineludinft  the  bltHxl 
corpUHrles.  With  regani  to  the  last  mentionwl  factor  «jit iwfurtor>' 
evi<lencR  ha»  lH-4>n  ohtaimMl  to  show  tliat  the  active  materiul  in  tissue 
extracts  is  a  phoH]>halid  (1)  (cephalin).  Work  that  has  )>een  ic'>inK  <"> 
in  thiH  lalioratnry  diirinx  the  lULst  two  or  three  years  tihiiwa  that  we 
mu^'t  add  two  other  HUltstanres  to  this  list  of  fibrin  fitetiirx.  So  far  an 
we  know,  neither  of  these  substances  has  I>een  n-cuKnizetl  by  other 
worken*. 

The  two  new  factors  are:  First,  a  (ihosplTatid,  not  prenously  de- 
pcrilxvi,  which  exists  in  various  tissues  but  is  foun<i  in  ureatt-st  abun- 
dance in  the  liver.  This  phosphatid  is  designated  as  Ar/Hin'n'  to  indi- 
cate its  origin  from  hver.  It  inhibits  coafculation,  {larlially  or  com- 
pletelv  aceonhnfc  to  the  conceiilration.  Second,  a  substance  pn'sent 
in  bl<MMl  phisnia  and  IiIimhI  serum  which  is  converted  into  antithnind>in 
liy  a  reaction  with  heparin.  Just  as  in  plasma  and  svnun  (here  iti  a 
mother  substance  from  which  thrombin  is  fonned.  so  tlien*  is  an  ante- 
cedent Hulwlanee  from  which  antithrombin  is  fonncil.  By  an»l<>K.v 
this  substance  is  desifcnaied  as  pro-antillironibin.  l*nithn)mbin  i* 
activated  to  thrombin  by  calcium.  lli<-  pro-antithrombin  is  activatcil  to 
antilhriiiiibin  by  heparin. 

I'ri]»irnliun  i>f  hipiimi.  Attention  was  first  called  to  this  sulistance 
duririfc  si>nie  work  done  in  this  lal>onit(ir>'  by  Jay  McU'an  <2'.     lit  the 
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course  of  his  work  McLean  prepared  cuorin  from  heart  muscle  by  the 
method  of  Erlandsen  (3)  and  attempted  to  prepare  heparphosphatid 
from  the  liver  by  the  method  of  Baskoff  (4),  The  cuorin  obtained  corre- 
sponded in  all  of  its  properties  and  in  its  N  to  P  ratio  with  the  mate- 
rial described  by  Erlandsen.  When  freed  from  contamination  with 
cephalin  the  cuorin  in  solution  in  sodium  chloride,  0.9  per  cent,  was 
found  to  have  an  inhibiting  action  on  clotting.  The  pbosphatid 
obtained  from  the  liver  did  not  correspond  in  its  properi^ies  or  in  its 
N  to  P  ratio  with  the  heparphosphatid  described  by  BaskofT.  When 
freed  from  mixture  with  cephalin,  a  result  most  difficult  to  accomplish, 
this  substance  had  a  very  marked  inhibiting  effect  upon  coagulation 
of  blood,  its  action  in  this  respect  being  much  stronger  than  that  of 
cuorin.  We  have  varied  the  method  of  preparation  in  many  different 
ways  in  the  hope  of  devising  a  rapid  and  economical  process  for  the 
isolation  of  this  inhibiting  phosphatid.  The  method  finally  selected, 
while  yielding  a  reliable  preparation  of  heparin,  is  time-consuming  and 
expensive  in  material.  The  main  obstacle  lies  in  the  fact  that  the 
solubilities  of  heparin  and  cephalin  are  so  similar  that  there  is  great 
difficulty  in  separating  them.  But  until  the  cephalin  or  cephalin-like 
material  is  removed  the  properties  of  the  heparin,  so  far  as  coagulation 
is  concerned,  arc  masked  or  antagonized.  The  method  of  preparation 
finally  adopted  is  as  follows: 

Freah  livers,  preferably  from  dogs,  are  perfused,  when  poBsible,  through  the 
portal  vein  with  a  solution  of  sodium  chloride,  0.9  per  ceDt.  They  are  then 
ground  to  a  pulp,  spread  thin  on  a  glass  plate  and  dried  in  a  current  of  hot  air. 
The  dried  material  is  pulverized  and  extracted  with  ether  in  the  proportion  of 
300  cc.  of  ether  to  each  100  grains  of  dried  liver.  The  extraction  may  be  made  in 
a  few  hours  with  a  shaking  machine  or  by  allowing  the  mixture  to  stand  for  24  to 
48  hours  with  an  occasional  shaking.  The  extract  is  then  filtered  and  refiltered 
in  a  closed  apace  until  the  filtrate  is  free  from  turbidity.  The  dark  red  filtrate 
is  evaporated  to  dryness  before  an  electric  fan,  and  the  sticky  residue  is  treated 
with  water-free  ether  (Squibb's)  in  as  small  quantities  as  suffice  to  dissolve  it. 
There  is  always  in  this  extract  an  insoluble  residue  .which  must  be  centrifugal!  Bed 
off.  The  clear  red  extract  is  then  precipitated  by  acetone,  the  extract  being 
added  slowly  with  stirring  to  four  times  it«  volume  of  acetone.  The  precipita- 
tioD  is  done  in  centrifugal  tubes  and  the  mixture  is  then  ccntrifugalized.  The 
supernatant  liquid  is  drained  off  and  discarded.  The  residue  is  dried  in  a  cur- 
rent of  air  todriveoff  the  adherent  acetone.  The  residue  is  again  dissolved  in 
water-tree  ether,  using  as  little  ether  as  possible,  and  the  solution  is  centrifuga- 
lized  for  a  few  minutes  and  poured  oFT  from  any  residue  that  may  be  obtained. 
The  ether  solution  is  then  added  slowly  with  stirring  to  four  times  its  volume  of 
absolute  alcohol  at  50°C.  The  mixture  is  kept  in  the  warm  both  for  some  time 
until  the  precipitate  has  settled.    The  supernatant  liquid  is  decanted  as  far  as 


Digitized  by  VjOOQIC 


330  W.   H.   HOWELL  AND   BHHBTT  HOLT 

possible  and  the  bklance  Ja  poured  into  centrifugal  tiibea  and  centrifunalLiM] 
while  warm.  The  aupenistnot  liquid  ia  povired  olT  and  the  residue  ia  dried  in  a 
current  of  wum  air  until  the  excess  of  alcohol  is  driven  olT.  The  reaidue  ia 
again  diaaolved  in  water-froe  ttbtr,  centrifugaliaed,  precipitated  at  50*C.  by  four 
rolumea  of  abaolute  alcohol  and  ao  on  aa  deacribed  above.  Thia  procedure  U 
repeated  until  the  precipitate  formed  by  the  abaolut«  alcohol  beftina  to  lose  iti 
■olubility  in  water-free  ether.  This  change  in  aolubility  of  the  alcohol  precipe 
itate  takes  place  quite  auddenly  ■ometimea  after  twelve  to  twenty  precipita- 
tiona,  but  aometimea  more  gradually.  f^lieD,  after  at  least  two  hours  treatment 
with  ether,  the  reaidue  on  centrifugaliiation  ia  auddenly  increaaed  in  amount, 
the  looked-for  change  ia  taking  place.  Thereafter  each  auch  reaidue  ia  preeervcd. 
It  is  Grat  waahed  with  fresh  ether  and  is  then  dissolved  in  water-free  chlorofonn 
(Squibb's).  The  chloroform  solution  of  the  material  is  given  two  final  precipi- 
tations. First,  it  ia  precipitated  by  two  volumes  of  absolute  alcohol  at  WC 
This  precipitate  ia  separated  by  centrifugalisation  and  is  again  treated  with 
chlorofonn.  After  the  mat«rial  ia  completely  dissolved  the  solution  ia  precip- 
itated, this  time  at  room  temperature,  by  the  addition  of  an  equal  volume  of 
absolute  alcohol.  The  precipitate  is  centrifugaliied  off  and  dried  in  a  current 
of  warm  air.  The  dark  reaidue  ia  ground  in  a  mortar  U>  a  chocolate  colored 
powder  and  kept  until  needed  in  a  desiccator.  This  material  should  be  com- 
pletely soluble  in  water  giving,  according  to  coDcentration,  a  clear  brownish  or 
red  solution,  with  no  indication  of  opaleaccace.  Material  kept  now  for  Iwo 
yenra  ahowa  tio  deterioration  in  its  property  of  preventing  coagulation. 

PropertieB  of  heparin.  An  stated  above  the  material  is  soluble  in 
water  without  opalcflccncc.  The  occurrence  of  opalescence  in  the 
fioliitions  is  an  indication  of  admixtiu^  with  cephalin  and  if  much  of 
the  latter  is  present  the  inhibiting  effect  on  coaf^lation  is  lessened  or 
abnent  altoRether  io  freshly  made  preparations.  When  such  prepara- 
tions are  kept  for  some  weeks  or  months  it  will  be  foimd  that  the  in- 
hibitinft  action  of  their  nolutions  is  greatly  improved.  The  explanation 
of  this  chanftc  is  found  in  the  fact  that  cephalin  exposed  to  air  loses 
gradually  its  favoring  action  upon  coagulation  (.'>). 

The  mode  of  preparation  of  heparin  indicates  that  it  belongs  to  the 
groupofphosphatids —it  gives  reactions  for  nitnigcn  and  photiphortis. 
Thmugh  the  kindncMtt  of  J)octor  Lcvene  of  the  Kockefeller  Institute 
analvM'H  f(>r  \  and  P  were  made  in  two  samples.  As  these  samples 
wore  mode  a  ycur  a|iurt  the  mode  of  pn>|)aration  was  slightly  different 
in  the  (w«  cuMii  but  Iwnh  preparalinns  gave  clear,  non -opalescent  scilu- 
tions  which  exhihitetl  a  verj*  marketl  inhibiting  effect  upon  coagulation 
and  when  a<lde<l  to  plasma  or  serum  catuted  the  rormatioD  of  anti- 
thrombin.     The  resullH  of  theM*  analvsin  were  as  follows: 
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Preparatitm  I— March,  1917 

Nitrogen —  5.01  per  cent 

Phosphorus 4.75  per  cent 

Ratio  of  nitrogen  to  pboaphorus 2.4  to  1 

Prtparalion  It—Marck,  1018 

Nitrogen 5.82  per  cent 

PhoBphonu 4.03  per  cent 

Ratio  of  nitrogen  to  pboaphorus 2.6  to  1 

The  preparations  had  therefore  a  fairly  constant  composition  in  nitro- 
gen and  phosphorus,  the  ratio  of  one  to  the  other  being  probably 
2.5  to -1. 

As  compared  with  the  phosphatids  that  have  been  obtained  from  the 
liver,  heparin  resembles  most  some  of  the  preparations  of  jecorin  that 
have  been  described.  For  his  preparations  of  jecorin,  BaskofT  gives  a. 
mean  value  of  the  N  to  P  ratio  of  2.38  to  I ,  but  in  the  preparations  of 
other  workers  this  ratio  has  varied  from  1 .8  to  1  (Drecbsel)  to  6.08  to 
1  (Siegfried  and  Mark).  For  his  preparations  of  heparphosphatid, 
Baskoff  gives  the  N  to  P  ratio  as  approximately  1  to  1.5.  The  two 
characteristic  reactions  of  heparin  that  are  of  special  pbysiolc^ical 
interest  are  first,  that  it  retards  or  prevents  the  coagulation  of  blood; 
and  second,  when  added  to  plasma  or  serum  it  causes  the  fonnatioD 
of  a  notable  amount  of  antitbrorabin.  Both  reactions  have  been 
studied  as  carefully  as  possible. 

The  inhibiting  action  on  coagulation.  This  effect  may  be  demon- 
strated on  the  shed  blood  or  upon  the  circulating  blood  by  intravascular 
injections.  The  solutions  of  heparin  used  were  made  up  in  0.9  per  cent 
sodium  chloride  to  prevent  hemolysis  of  the  blood  corpuscles.  In  shed 
blood  it  was  found  that  in  mixtures  containing  0.1  per  cent  of  heparin 
the  coagulation  was  prevented  entirely.  In  more  dilute  solutions  the 
coagulation  was  delayed  in  proportion  to  the  concentration.  When 
injected  intravenously  kymc^aphic  records  showed  that  there  was  no 
disturbance  of  heart  rate,  blood  pressure  or  respiratory  rhythm  and 
no  variation  in  rectal  temperature.  If  the  injection  of  heparin  is  made 
in  the  proportion  of  one  decigram  per  kilogram  of  body  weight,  blood 
drawn  within  a  few  minutes  after  the  injection  shows  no  spontaneous 
coagulation.  Later  the  effects  of  the  injected  heparin  wear  off  grad- 
ually so  that  in  three  or  four  hours  the  coagulation  time  of  the  blood 
has  returned  to  normal.  The  gradual  wearing  off  of  the  effect  of  the 
injected  heparin  was  shown  also  in  the  variations  of  the  prothrombin 
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time  (6)— that  is  to  say,  the  time  of  coagulation  of  the  oxalatotl  plasma 
when  rccalcified  with  the  optimum  amount  of  calcium  chloride.  Thus 
in  one  of  the  earlier  experiments  the  following  Bgurea  were  obtained: 

Prothrombin  time  before  injection — doK G  minui<« 

Prothrombin  time  10  mioutei  &fter  injection No  clot  in  24  hours 

Prothrombin  time  1  hour  kftrr  injection 38  minuit's 

Prothrombin  time  2  hours  after  injection 14  minutm 

Experiments  made  to  determine  how  the  heparin  acts  in  preventing 
coagulation  gave  deciflive  proof  that  it  inhibits  the  activation  of  pro- 
thrombin to  thrombin.  Its  action  certainly  is  entirely  difTcrcnt  from 
that  of  hirudin.  This  latter  substance  is  a  tnie  antithrorobin — Ihat  is 
to  say,  when  added  in  minute  amounts  to  mixtures  of  thrombin  and 
fibrinogen  it  prevents  clotting.  Heparin  has  no  such  effect.  Atlded 
in  relatively  large  amounts  (o  solutions  of  thrombin  it  has  no  retarding 
effect  upon  the  action  of  the  thrombin  on  fibrinogen.  Since  the  heparin 
has  no  action  upon  fully  formed  thrombin  and  since  it  prevents  the 
formation  of  thrombin  when  oxalated  plasma  is  recalcified,  it  follows 
that  the  heparin  must  prevent  the  activation  of  prothrombin  to  throm- 
bin, probably  either  by  a  reaction  with  the  prothnnnbin  or  by  a  reac- 
tion with  calcium.  There  are  no  facts  to  support  the  latter  ^new. 
Heparin  gives  no  precipitate  with  calcium  salts  and  no  indication  of 
ccnnbining  with  the  calcitmi  in  any  way.  Blood  that  has  been  rendered 
incoagulable  with  heparin  cannot  l>e  made  to  clot  by  adding  calcium 
chloride  in  any  amounts.  For  example:  in  one  experiment  blood  wax 
caught  as  it  flowed  from  an  artery  into  a  solution  of  heparin  so  that  the 
concentration  of  the  mixture  was  0.15  per  cent  in  heparin.  This  mix- 
ture was  rent rifugali led  and  the  clear  plasma  was  removed.  This 
plasma  remained  unclottcd  as  long  as  it  was  oltscrved  (24  houra). 
Mixtures  were  made  with  a  mlution  of  calcitmi  chloride  0.5  per  cent 
in  the  proportions  of  5  drops  of  plasma  to  1,  2,  3,  4  and  8  drops  of  the 
calcium  chloride.  None  of  these  mixtures,  or  of  similar  mixtun-s  in 
which  the  calcium  chloride  was  replaced  by  water,  showed  any  signs 
of  clotting  within  24  hours.  The  prol>ability  therefore  is  that  the 
ho|>arin  reacts  in  some  way  with  the  prothrombin  to  prevent  its  activa- 
tion by  calciim].  This  conclusion  is  supportott  by  direct  experiments 
with  solutions  of  prothmmliin.  Repeated  experiments  of  this  rhor- 
arter  were  nia<lc  with  pn)lhronil>in  prepaml  from  the  oxalated  p 
of  cat's  blood  (7).     For  example; 
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Prothrombin  solution 5  dropa 

Heparia  (0.2  per  cent) 2  drops 

Calcium  chloride  (0.5  per  cent) 2  drops 

Fibrinogen 8  drops 

This  mixture  gave  no  clot  in  24  hours — whereas  a  control  mixture  id 
which  the  heparin  was  replaced  by  an  equal  amount  of  water  gave  a 
solid  clot  within  5  minutes. 

Heparin  is  a  stable  compound.  As  stated  above,  preparations  kept 
in  desiccators  have  retained  their  properties  unimpaired  for  at  least 
two  years.  Its  solutions  are  not  injured  by  heating  to  the  boiling 
point.  Specific  experiments  of  this  kind  have  been  made  with  solu- 
tions containing  heparin  in  concentrations  of  0.5,  0.25  and  0.12  per 
cent.  The  test  tubes  containing  these  solutions  were  immersed  for 
five  minutes  in  boihng  wat«r.  Subsequent  examination  showed  that 
the  activity  of  these  solutions  in  preventing  clotting  and  in  activating 
pro-antithrombin  had  not  been  impaired. 

The  activation  of  -pTo^nlithTombin.  Early  in  this  work  it  was  ob- 
served that  while  heparin  itself  does  not  act  as  an  antithrombin  never- 
theless it  causes  a  marked  increase  in  the  antithrombin  of  plasma  or 
serum.  The  following  experiment  may  be  used  to  illustrate  this  reac- 
tion. Clear  oxalated  and  centrifugahzed  plasma  from  cat's  blood  was 
heated  to  54°C.  in  a  water  bath  to  remove  its  fibrinogen.  The  pre- 
cipitated fibrinogen  was  removed  by  filtration  and  the  plasma  was 
then  tested  for  antithrombin  by  the  method  used  in  this  laboratory 
(8)  with  and  without  the  addition  of  a  solution  of  heparin.  One  drop 
of  each  solution  was  added  to  2,  3,  4  and  5  drops  of  thrombin  and 
after  an  incubation  of  15  minutes  10  drops  of  fibrinogen  were  added  to 
each  specimen  and  the  time  of  coagulation  was  noted. 

Specimen  /.  Platma  plua  on  tqued  volume  of  0.1  per  cent  heparin 

Thrombin  2  drops No  clot  in  24  hours 

Thrombin  3  drops Clov  in  95  minutes 

Thrombin  4  drops Clot  in  42  minutes 

Thrombin  5  drops Clot  in  17  minutes 

Specimen  //.  Control — Platma  plu»  an  equal  volume  of  tcaler 

Thrombin  2  drops Clot  in  17  minutes 

Thrombin  3  drops Clot  in    5  minutes 

Thrombin  4  drops Clot  in    4  minutes 

Thrombin  5  drops , Clot  in   3  minutes 
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As  will  be  seen,  the  specimen  contaitiing  heparin  showed  a  Rreatly 
increased  amount  of  antithrombio.  This  experiment  was  repeated  a 
great  many  times  with  specimens  of  serum  as  well  as  of  plasma  and 
always  with  similar  results.  In  attempting  to  explain  this  reaction  it 
was  at  first  supposed  that  the  heparin  reacted  with  some  of  the  known 
substances  in  serum  to  produce  an  antithrombin,  for  example,  with 
prothrombin  or  antithrombin  itself,  or  that  in  some  way  it  sensitiied 
or  intensified  the  action  of  the  antithrombin  already  present  in  the 
plasma  or  serum  (9).  Elxperiments  made  to  test  these  hypothearo 
have  given  negative  results.  Prothrombin  can  be  isolated  in  an  im- 
pure  but  effective  form  by  the  acetone  method.  Solutions  of  this  kind 
have  no  antithrombic  action  and  addition  of  heparin  does  not  alt«r  the 
reaction  in  this  respect.  On  the  other  hand  it  was  found  that  the 
antithrombin  in  cat's  plasma  can  be  removed  or  destroyed  by  heat- 
ing to  60°C.  for  five  to  ten  minutes.  Nevertheless  on  adding  heparin 
to  such  a  plasma  there  is  an  immediate  production  of  a  considerable 
amount  of  antithrombin.  Hence  the  heparin  does  not  act  by  intensify- 
ing the  activity  of  antithrranbin  already  present  but  pro«lucefi  new 
antithrombin  by  a  reaction  with  an  unknown  constituent  of  the  blood. 
This  conclusion  is  strengthened  further  by  the  fact  that  this  antecedent 
or  mother  substance  can  be  precipitated  from  plasma  by  one-third  or 
one-half  saturation  with  ammonium  sulphate.  The  precipitation  by 
one-third  saturation  is  less  complete  that  with  one-half  saturation  but 
in  neither  case  is  the  active  antithrombin  thrown  down,  or  if  it  is  pre- 
cipitated it  is  destroyed  or  denature<l  in  the  process.  For  example: 
a  specimen  of  cat's  plasma,  oxalated  and  centrifugalise<j,  was  di%'ide(l 
into  two  portions;  to  one  portion  ammonium  sulphate  wait  added  to 
one-thinl  saturation  and  to  another  to  one-half  saturation.  The 
precipilateo  were  collected  by  centrifugalizing  and  were  then  diiwolve«l 
by  the  ad<lition  of  water.  Each  solution  wan  tcxtod  for  antithrombin 
after  adding  an  equal  volume  of  heparin  (0.2  per  rent)  and,  as  a  con- 
trol, after  adding  an  equal  volume  of  water,  with  the  following  retiult: 

/.    Thf  prteipilatr  nl-tninr-i  hy  onr-ihiril  tnturnlton  <r\lh  ammimium  nilphalt 

Wilh  h<-|iariD 

Throinliin  2  (lr"|n>  N"  rl-H  in  1  h<>ur 

Tlironil.in  3  dr..i-  No  rl.it  in  1  hour 

Thrombin  1  dr..|.-  Cl.-i  in  .Vf  minuiM 

Tlir..iiil.in  5  «ir<.[».  ri..i  in  l.".  miniiir. 

Tliri'inhin  2  <lrt<|M  .  .                                                         No  riot  in  1  hour 
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With  water  (control) 

Thrombia  2  drops Clot  in  4.5  minutes 

Thrombin  3  drops Clot  in  3.5  minutes 

Thrombin  i  drops Clot  in  2.5  minutes 

Thrombins  drops Clot  in  2.5  minutes 

//.  The  precipitate  obtained  by  ont-ltalf  saturation  teilk  aminonium  eulpkate 

With  heparin 

Thrombin  2  drops No  clot  within  an  hour 

Thrombin  3  drops No  clot  within  an  hour 

Thrombin  4  drops No  clot  within  an  hour 

Thrombin  5  drops No  clot  within  an  hour 

With  water  (control) 

llirombin  2  drops Clot  in  4  minutes 

Thrombin  3  drops Clot  in  3  minutes 

Thrombin  4  drops Clot  in  2.5  minutes 

Thrombin  S  drops Clot  in  2  minutes 

These  results  can  scarcely  be  interpreted  otherwwe  than  upon  the 
aasumption  that  there  is  a  material  in  plasma  and  serlim  which  by  a 
reaction  with  heparin  is  converted  to  or  gives  rise  to  antithrombin. 
In  the  nomenclature  of  the  day  we  may  speak  of  this  substance  as  a 
pro-antithrombin  which  is  activated  to  antithrombin  by  heparin,  just 
as  prothrombin  is  activated  to  thrombin  by  calcium. 

The  two  sets  of  compounds  show  an  interesting  difference  in  their 
reactions  to  acetone.  The  precipitate  obtained  by  adding  an  equal 
volume  of  acetone  to  blood  plasma  yields  on  appropriate  treatment  an 
active  prothrombin  but  no  pro-antithrombin.  So  also  from  solutions 
in  which  it  is  contained  thrombin  may  be  precipitated  uninjured  by 
acetone  while  antithrombin  is  destroyed  or  denatured.  On  the  other 
band  ai&monium  sulphate  to  one-half  saturation  precipitates  unin- 
jured prothrombin,  thrombin  and  pro-antithrombin,  while  antithrom- 
bin is  either  not  precipitated  or  else  is  destroyed  or  denatured.  It  was 
observed  also  that  in  cat's  oxalated  plasma,  after  heating  to  54°C.  to 
remove  the  fibrinogen,  both  prothrombin  and  pro-antithrombin  may  be 
precipitated  in  part  by  the  addition  of  acetic  acid  to  distinct  acid  reac- 
tion. The  precipitate  may  be  collected  by  centrifugalizing  and  then 
dissolved  in  a  solution  of  sodium  chloride,  1  per  cent,  made  slightly 
alkaline  with  sodium  carbonate.  This  solution  furnishes  thrombin  on 
the  addition  of  calcium  chloride  and  antithrombin  on  the  addition  of 
heparin. 

The  pro-antithrombin  or  antithrombogen,  as  it  might  also  be  called, 
is  thermolabile  but  less  so  than  antithrombin.    As  stated  above,  this 
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difference  u<  cHpcrially  well  shown  in  cat's  plasma.  In  this  plasma  all 
the  ready  formed  antithrombin  may  be  destroyed  by  heating  to  60° 
for  5  minutes  while  the  pro-antithrombin  is  apparently  not  affeclod. 
Heatinft  this  plasma  to  70''C.  however  will  destroy  all  the  pro4nti- 
thrombin  ver)'  promptly,  and  the  same  result  is  obtained  by  prolonged 
hcstinft  at  lower  temperatures.  The  followinK  results  were  obtained 
from  the  plattma  of  cat's  blood,  oxslatcd  and  centrifufralicrd,  subw- 
quently  heated  to  60"  for  5  minutes  and  15  minutes  and  to  7«°  for  5 
minutes  and  then  examined  for  antithrombin  with  and  without  the 
addition  of  heparin. 

/.  Sperimen  healed  to  eO'C.  for  S  minuitt 

With  heparin 

Thrombin  2  dropai No  clot  in  24  houn 

Thrombin  3  dropn No  clot  in  24  houn 

Thrombin  4  drops No  clot  in  24  houn 

Thrombin  S  drop* No  clot  in  24  boun 

With  wBlpr  -( control) 

Thrombin  2  drop« Clot  in  4.5  minutoa 

Thrombin  3  drops Clot  in  3  5  minutrs 

Thrombin  4  drops Clot  in 

Thrombin  6  drop* Clot  in 

//.  Spteimtn  htalrd  to  eo'C.  for  IS  miniiirt 
With  heparin 

Thrombin  2  dm|>« , . ,  Clot  ir 

Thrombin  3  droi* Clot  ic 

Thrombin  4  drops Clot  in  10  minute* 

Thrombin  6  drops Clot  in    5  minutra 

///.  Specimrtt  kealrJ  to  70°C.  for  S  minuitt 
With  heparin 

Thrombin  2  dro[M Clot  in  4  S  minutes 

Thrombin  3  drops Clot  in  3  S  minutes 

Thrombin  4  drofis. , Clot  in  2  &  minutes 

Thrombin  5  dro|is Clot  in  2.5  minulpo 

It  will  l>e  Meen  that  the  reaction  with  heparin  waa  much  weakonrti  by 
heatinfi  to  VM'V.  for  15  niinuten,  an<l  completely  dcstmye*!  by  hratinfc 
to  70°  for  5  minutes. 

Tbr  KituTCf  (if  \ni>-i\nt\thr<m\hin.  An  effort  was  made  to  determine 
whether  or  not  the  pn>-antithr(iml>in  \»  fumishc<l  to  the  plnj>ma  by  the 
btcxKl  corfniwI»-!i.  The  ex|H'rimciit,t  were  not  comptelcd  but  they  wen- 
carried  far  cniiiitEh  to  nhow  that  ncilhcr  the  bl<K>d  platen  nor  the  |puci>- 
cytm  give  ongin  to  thi.i  nubi-tance.     Pliitelct."  r>)iiaim'd  fr<»m  fixalate<| 
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pig'B  blood  by  differential  centrifugalization  and  subsequent  washing 
with  a  0.9  per  cent  solution  of  sodium  chloride  give  a  solution  when 
extracted  with  water  which  contains  prothrombin  but  no  pro-anti- 
thrombin — that  is  to  say,  addition  of  calcium  chloride  causes  the  for- 
mation of  thrombin,  but  addition  of  heparin  does  not  produce  anti- 
thrombin.  A  similar  negative  result,  so  far  as  pro-antithrombin  is 
concerned,  was  obtained  by  extracting  lymphocytes  furnished  by  the 
thymus  gland  and  blood  leucocytes  obtained  from  the  buffy  coat  of 
centrifugalized  oxalated  blood. 

The  reaction  between  heparin  and  pro-antithrombin.  We  have  no 
knowledge  regarding  the  chemical  nature  of  pro-antithrombin  or  the 
change  that  it  undergoes  in  being  converted  to  active  antithrombin,  but 
it  seems  evident  that  the  reaction  is  not  enzymatic  or  catalytic.  The 
amount  of  antithrombin  formed  increases  in  proportion  to  the  amount 
of  heparin  added.  If  one  takes  several  specimens  of  oxalated  plasma 
of  0.5  cc.  each  and  adds  one,  five  and  ten  drops  of  a  0.2  per  cent  solu- 
tion of  heparin  it  will  be  found  that  the  amount  of  antithrombin  formed 
increases  with  the  heparin  added.  Unfortunately  the  mode  of  demon- 
strating antithrombin  does  not  lend  itself  readily  to  a  quantitative 
determination,  except  within  narrow  limits,  so  that  it  is  not  possible  to 
express  the  relationship  bebween  the  amounts  of  heparin  and  the 
amounts  of  antithrombin  in  a  definite  form.  But  the  fact  that  the 
reaction  between  the  heparin  and  the  pro-antithrombin  is  of  the  nature 
of  a  definite  chemical  reaction  is  borne  out  also  by  the  following  obser- 
vation. A  specimen  of  clear  cat's  plasma,  oxalated,  was  heated  to 
WC.  for  ten  minutes,  thereby  precipitating  its  fibrin<^en  and  destroy- 
ing all  the  antithrombin  present.  After  filtration,  a  0.2  per  cent  solu- 
tion of  heparin  was  added  in  equal  volume  to  a  part  of  this  plasma. 
Examination  showed  now  the  presence  of  a  considerable  amoimt  of 
antithrombin,  due  to  the  action  of  the  heparin  on  the  pro-antithrombin. 
This  mixture  was  then  heated  .again  to  60°C.  for  ten  minutes  to  destroy 
the  newly  formed  antithrombin,  and  that  this  really  occurred  was 
determined  by  experiment.  To  the  mbtture  there  was  again  added  an 
equal  volume  of  heparin,  0.2  per  cent,  with  the  result  that  there  was 
again  a  formation  of  a  considerable  amount  of  antithrombin.  The 
experiment  serves  not  only  to  indicate  that  the  reaction  between  the 
heparin  and  pro-antithrombin  takes  place  in  definite  proportions  after 
the  manner  of  an  ordinary  chemical  reaction,  but  it  serves  to  show  also 
that  the  reserve  supply  of  pro-antithrombin  in  blood  is  considerable. 
The  reaction  between  antithrombin  and  thrombin,  as  has  been  pointed 
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out  previously  (10),  is  a  colloidal  reaction  the  exteat  of  which  varies 
with  the  time,  ao  that  in  any  effort  to  estimate  the  amonot  of  anti- 
thrombia  in  a  quantitative  way  in  different  solutions  it  is  necematy  to 
give  a  definite  time  for  the  interaction  between  the  two  substances. 
The  longer  they  are  in  contact  the  larger  will  be  the  amount  of  throm- 
bin inactivated  by  the  antithrombin.  The  relations  are  quite  differ- 
ent in  the  reaction  between  heparin  and  pro-antithrombin.  Klien  a 
mixture  is  made  the  maxintal  reaction  is  completed  as  soon  as  an  exam- 
ination can  be  made,  and  a  longer  exposure  leads  to  no  further  increase 
in  antithrombin. 

DISCUSSION 

One,  at  least,  of  these  new  factors  in  coagulation,  the  pro^oti- 
thrombin,  is  present  normally  in  blood.  The  other,  the  heparin,  has 
not  been  shown  directly  to  be  a  normal  constituent  of  blood  but  the 
indirect  evidence  speaks  strongly  in  favor  of  this  view.  The  direct 
rAle  of  the  pro-antithrombin  is  to  give  rise  to  antithnunbin  and  it 
may  be  assumed  that  the  amount  of  the  tatter  constantly  preaent  io 
normal  Uood  is  dependent  upon  the  extent  to  which  the  pro-anti- 
thrombin is  activated,  and  this  in  turn  is  dependent  upon  the  amount 
of  heparin  since  so  far  as  we  know  tb«  pro-antithrombin  cannot  be 
changed  to  antithrombin  otherwise  than  by  a  reaction  with  heparin. 
The  fact  that  there  is  a  supply,  and  a  considerable  supply,  ofpto-anti- 
thrombin  in  circulating  blood  indicates  that  the  antithrombin  prob- 
ably takes  an  important  part  in  regulating  the  process  of  coagulation. 
>\liat  is  the  rAle  of  antithrombin?  Two  views  have  been  suggested: 
Nolf  (11)  and  afterwards  Howell  (12)  have  sUted  their  belief  that  the 
antithrombin  is  directly  concerned  in  maintaining  the  normal  fluidity 
of  the  blood.  The  latter  in  his  theory  of  coagubtion  has  assumed  that 
aome  inhibiting  substance,  presumably  the  antithrombin,  functions  by 
preventing  the  activation  of  prothrombin  by  calcium  and  that  in  this 
way  intravascular  coagulation  is  avoided.  When  blood  is  abed  or 
when  in  any  other  way  thromboplaRtic  substance  is  added  to  the  blood, 
the  inhibiting  influence  of  the  antithrombin  in  neutralised,  the  pro- 
thrombin in  converted  to  thrombin  and  coagulation  ensues.  At  the 
time  this  theory  wax  proponetl  antithrombin  was  the  only  inhibiting 
sutiHtancp  known  in  the  bloo<l,  but  the  work  dencribed  in  this  paper 
makes  it  probable  that  (he  blfKxl  contains  a  second  inhihiling  sub- 
stance. h(>|mrin,  which  t>o  far  an  itn  action  in  conremcil,  may  lie  desig- 
nated as  an  anti-prothrombin  since  it  inhibits  clotting  by  pRventing 
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the  activation  of  prothrombin.  It  would  be  more  logical  perhaps 
to  assume  that  heparin  rather  than  antithrombiD  is  the  substance  in 
blood  which  prevents  spontaneous  clotting  and  which  is  neutralized  in 
shed  blood  by  the  thromboplastic  material,  the  cephalin.  Laboratory 
experiments  show  readily  that  the  inhibiting  effect  of  heparin  can  be 
neutralized  by  the  addition  of  cephalin,  but  in  order  to  give  this  modifi- 
cation of  Howell's  original  theory  a  sound  experimental  basis  it  is 
necessary  to  show  that  heparin  is  a  normal  constituent  of  blood.  This 
demonstration  has  not  yet  been  fumiahed.  But  admitting  the  proba- 
ability  of  this  view  the  .question  arises  as  to  the  function  fulfilled  by  the 
antithrombin  which  we  know  does  exist  in  normal  blood.  In  several 
pieces  of  work  done  in  this  laboratory  (Weymouth,  13),  (Gasser,  14), 
(Rich,  15),  evidence  has  been  furnished  which  tends  to  show  that 
metathrombin  found  in  the  serum  of  clotted  blood  is  p,  combination 
of  thrombin  and  antithrombin.  The  antithrombin  inactivates  throm- 
bin by  forming  the  substance  designated  aa  metathrombin  by  Mora- 
witz.  In  accordance  with  this  view  Gasser  has  suggested  that  this 
may  be  at  least  one  function  of  the  antithrombin.  It  is  very  probable 
that  thrombin  in  small  amounts  is  formed  constantly  in  circulating 
blood  and  the  presence  of  antithrombin  may  be  a  device  to  neutralize 
this  thrombin.  On  the  other  hand,  when  blood  is  shed  thrombin  is 
formed  suddenly  in  relatively  lai^e  amounts  and  the  antithrombin 
under  such  conditions  is  inadequate  for  protection,  especially  as  its 
rate  of  action  upon  thrombin  is  greatly  reduced  at  temperatures  below 
that  of  the  body  (16).  Provisionally  we  are  inclined  to  adopt  the 
view  that  the  value  of  the  antithrombin  and  therefore  of  the  pro- 
antithrombin  is  to  safeguard  the  blood  from  the  action  of  any  free 
thrombin  that  may  be  liberated  in  the  circulation. 

The  function  of  the  heparin  in  coagulation  is  impUed  in  its  two 
characteristic  properties  described  above.  As  previously  stated,  the 
presence  of  this  substance  in  the  blood  has  not  been  demonstrated  but 
it  seems  very  probable  that  it  is  one  of  the  normal  constituents  of  this 
liquid.  The  fact  that  it  has  the  specific  reaction  of  chaining  pro- 
antithrombin  to  antithrombin  supports  this  view.  If  we  can  make  this 
assumption  it  would  follow  that  heparin  constitutes  an  inhibiting 
material  which  restrains  clotting  by  a  double  action;  by  its  power  to 
prevent  the  activation  of  prothrombin  to  thrombin  and  by  its  property 
of  activating  pro-antithrombin  to  antithrombin.  Through  this  mate- 
rial the  body  is  able  to  modify  coagulability  of  the  blood  either  locally 
or  in  general.    An  instance  of  local  modification  is  furnished  by  the 
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work  of  Schickele  (17)  who  baa  shown  that  an  inhibitinti  Bubfitanre  to 
blood  ooafnilation  is  produced  in  the  uterine  mucous  meinbraDe.  A 
special  study  of  this  material  in  this  laboratory  by  Dr.  Jessie  King  hu 
shown  that  it  is  undoubtedly  heparin  or  a  substance  with  properties 
similar  to  those  of  heparin,  since  it  inhibits  clotting  by  preveDting  (he 
activation  of  prothrombin  and  is  also  effective  in  causing  an  increase  in 
antithronibiu  when  abided  to  plasma  or  acrura.  It  is  quite  powible 
indeed  that  some  of  the  normal  anil  abnormal  variations  in  the  coagu- 
lability of  blood  may  be  traced  to  variations  in  the  amount  of  heparin. 
The  properties  of  hemophilic  blood,  for  example,  as  described  by  one 
of  us  (18),  are  in  fact  identical  with  those  exhibited  by  blood  to  which 
heparin  has  been  atltled  in  concentrations  sufficient  to  retani  coafcula- 
tion.  If  subsequent  work  is  successful  in  devising  a  method  for  the 
quantitative  estimation  of  heparin  in  blood,  a  great  amount  of  light 
may  ite  thrown  upon  some  of  the  difficult  problems  in  bloo<l  coagulation. 

HUHHART 

1.  Two  now  substances  are  described  which  are  connected  with  the 
prooes.4  of  coagulation  of  blood: 

a.  A  phoHphatid  designated  as  heparin  since  it  is  obtained  most 
readily  from  the  liver  (dog).  It  has  an  N  to  P  ratio  of  2.5  to  1.  It  is 
easily  stiluble  in  water  gi^'ing  a  clear,  non'opalescent  solution  of  a 
yeltowi.ih  or  reildish  color  according  to  concentration.  It  posKcsses 
two  characterit>tic  reactions:  First,  it  retanls  or  prevents  the  coagula- 
tion of  blood,  both  in  the  body  and  when  the  bloo<l  is  shed.  Second, 
it  causes  a  marked  increase  in  antilhrombin  when  added  to  blood  or 
HCTum. 

b.  An  antece«lent  or  mother  substance  for  antithrombin,  prewnt  in 
plasma  and  serum  in  considerable  amounts.  It  is  ccmverttnl  promptly 
to  antithmnibin  by  heparin  and  is  designated  as  a  pro-ant ithrtmibin. 

2.  IIe|>arin  may  l>e  obtained  fnmi  lymph  glands  and  it  has  been 
rieteclol  by  its  n-actions  in  the  uterine  mucous  membrane.  It  is 
present  in  largc•^t  amounts  in  the  liver,  es|»ecially  the  dog's  hver. 

3.  llrjHtrin  inhibits  clotting  mainly  by  preventing  the  activation  of 
prothnmibin  to  throniliin.  It  actH  as  an  anliprothrtmibin  rather  than 
as  an  antithrombin. 

4.  The  action  of  he|>nrin  in  pn'venling  the  activation  of  prothrombin 
and  in  eHn>iiitc  the  activation  of  pro-ant  it  hrr>mliin  is  not  d<-stroye<l  at 
a  teniix-nilure  of  KW'C. 


Digitized  by  VjOOQIC 


BLOOD  coagulation:   HEPABIN  and   PRO-ANTITHROUBIN         341 

5.  Pro-antithrombin  in  blood  plasma  is  destroyed  promptly  by 
heatiag  to  TCC.  and  more  gradually  by  prolonged  heating  at  lower 
temperatures  (60'C.). 

6.  Pro-antithrombin  may  be  precipitated  uninjured  from  blood 
plasma  by  acetic  acid  or  by  ammonium  sulphate  added  to  one-half 
saturation. 

7.  On  the  theoretical  side  it  is  suggested  that  heparin  and  pro-anti- 
throrabin  are  normal  constituents  of  the  circulating  blood  (not  demon- 
strated for  the  heparin)  and  together  fulfill  the  function  of  safeguarding 
the  fluidity  of  the  blood,  that  is  to  say,  of  preventing  intravascular 
clotting.  The  pro-antithrombin  by  its  conversion  to  antitbrombin 
provides  a  protection  against  any  small  quantities  of  thrombin  that 
may  arise  in  the  circulating  blood  (metathrombin  formation).  The 
heparin  in  addition  to  functioning  as  a  specific  activator  to  pro-anti- 
thrombin exerts  an  inhibiting  influence  upon  the  conversion  of  pro- 
thrombin to  active  thrombin.  When  blood  is  shed  or  when  in  other 
ways  thromboplastic  substance  (cephalin)  is  added  to  the  blood  the 
protection  afforded  by  the  heparin  is  overcome  and  thrombin  is  formed 
in  amounts  sufficient  to  cause  clotting.  It  is  suggested  that  variations 
in  the  amount  of  heparin  in  the  blood  may  suffice  to  explain  some  of 
the  known  abnormaUties  in  coagulation,  hemophilia,  for  example. 
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In  1902  Baylisfl  and  StarUoft  (I)  Bhowed  that  acid  acts  on  prmtecretio 
ID  the  duodenal  mucous  membrane  and  changes  it  into  secretin,  which 
18  carried  by  the  blood  and  activates  the  pancreatic  ceUs.  They 
showed  also  that  secretin  increases  the  secretion  of  bile. 

But  as  to  its  effects  on  the  internal  secretion  no  researches  have  ap- 
parently been  carried  out,  except  the  fairly  recent  work  of  Downs  and 
Eddy,  (2),  (3)  who  performed  several  interesting  experiments  and 
found  that  the  subcutaneous  injection  of  even  a  small  dose  of  secretin 
is  able  to  produce  a  marked  increase  in  the  number  of  red  and  white 
corpuscles  in  the  circulating  blood.  They  suggeste<l  as  the  most  prob- 
able explanation  of  this  increase  that  it  is  due  to  a  direct  stimulating 
action  of  the  secretin  on  the  bone  marrow  and  lymphatic  tissues  in 
general. 

In  our  laboratory  more  extensive  reaearchen  in  this  Geld  have  been 
carried  out,  namely:  the  influence  of  nrcretin  on  several  ferments 
(catalase,  diastase  and  glycolytic  ferment)  and  on  the  sugar  content  of 
the  blood. 

The  secretin  which  we  used  was  always  prepared  as  follows:  Doga 
weighing  about  10  kgm.  each  were  used.  They  received  no  food  for 
alKtut  twenty-four  hours  previous  to  being  bled.  The  mucous  mem- 
brane was  scraped  off  with  a  dull  knife  from  the  duoilenum  and  the 
upper  half  of  the  small  inteiitine,  and  was  triturated  with  50  cc.  of  0.4 
per  cent  hydrochloric  acid.  After  standing  for  two  hours,  the  mixture 
wan  lN>ile<l  actively,  neutralizo<l  with  10  per  cent  solution  of  so<lium 
hydnixidc  while  Irailing  and  again  renilen-<l  faintly  arid  with  glacial 
acetic  acid.  After  boiling  for  alxnit  len  minutcn  the  preparation  was 
filtered.  The  filtrate  thus  obtaine<i  wnjt  clear  and  grecniwh-yellow. 
Sufficient  glacial  acetic  acid  wok  aildcd  to  make  it  2  per  cent  by  volume 
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and  the  acid  extract  evaporated  to  dryness,  as  was  done  by  Downs  and 
Eddy.  We  thus  obtained  about  0.5  to  0.7  gram  of  dried  acid  extract, 
namely  about  10  to  14  mgm.  per  cubic  centimeter  of  original  solution. 

In  our  experiments  the  dried  acid  extract  was  dissolved  in  normal 
saline  solution  and  injected  into  rabbits  Bubcutaneously.  In  all  ex- 
periments recorded  in  this  paper  rabbits  were  employed.  During  the 
experiments  food  and  water  were  always  withheld  from  the  animals. 

The  investigations  to  be  described  were  ctnnmenced  with  the  repeti- 
tion of  Downs  and  Eddy's  work. 

The  infiuence  of  secretin  an  Ike  number  of  red  and  white  corptiscUs  in 
the  eirculaling  bhod.  Downs  and  Eddy  have  shown  that  the  adminis- 
tration of  secretin  produces  a  considerable  increase  in  both  the  red  and 
the  white  corpuscle  count.  Our  experiments  were  carried  out  in  ac- 
cordance with  their  procedure.  The  blood  was  obtained  from  the  ear 
of  the  rabbit.  Specimens  were  taken  simultaneously  for  counting 
both  red  and  white  corpuscles,  Hayem's  solution  being  used  as  the 
diluting  fluid  for  the  former  and  Turk's  solution  for  the  latter.  The 
counts  were  made  in  the  usual  manner  with  the  Thoma-Zeiss  apparatus. 

One  cubic  centimeter  of  the  secretin  solution,  equivalent  to  ap- 
proximately 10  mgm.  of  the  dried  acid  extract,  per  kilogram  of  body 
weight,  which  was  determined  by  Downs  and  Eddy  as  the  most 
efficient  dose  to  produce  a  marked  increase  in  the  number  of  red  and 
white  corpuscles  per  cubic  millimeter  of  the  circulating  blood,  was  in- 
jected subcutaneously.    The  results  are  shown  in  table  1, 

These  experiments  show  that  the  secretin  solution,  when  injected 
subcutaneously,  is  able  to  produce  an  increase  in  the  number  of  red 
and  white  corpuscles  in  the  circulating  blood  thus  confirming  the 
results  of  Downs  and  Eddy, 

Tke  influence  of  secretin  on  the  ccUedase  content  of  the  blood.  The  ob- 
ject of  this  investigation  was  to  determine  what  change,  if  any,  occurs 
in  the  catalase  content  of  the  blood.  Xbe-ammiDt  of  catalase  in  the 
blood  was  determ&ied  according  to  the  following  method. 

The  blood  was  obtained  in  all  cases  from  the  ear  of  the  rabbit  with 
as  little  manipulation  as  possible,  and  quickly  defibrinated.  One  cubic 
centimeter  of  this  defibrinated  blood  was  diluted  with  normal  saline 
solution  to  0.1  per  cent.  Ten  cubic  centimeters  of  this  solution  of  the 
blood  were  added  to  30  cc.  of  1  per  cent  neutral  hydrogen  peroxide 
in  a  specially  arranged  flask.  The  Uberated  oxygen  gas  was  con- 
ducted through  a  rubber  tube  to  a  graduated  burette,  which  was  pre- 
viously filled  with  water.    As  the  liberation  of  the  oxygen  is  consider- 
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ably  accelerated  by  shaking  the  flask  and  therefore  the  amount  of  the 
]iberat4>d  gas  may  vary  with  such  shaking,  we  have,  as  a  rule,  never 
touched  the  apparatus  after  the  blood  specimen  and  hydrogen  peroxide 
were  mixed.  Exactly  after  twenty  minutes,  the  atmospheric  pressure 
in  the  burette  was  made  equal  to  that  in  the  room  and  the  amount  of 
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TABLE  1 
lulion  per  kitoffram  of  bodg  trnj^Al 
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4      ■* 
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910,000 
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33 
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6.040,000 
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6.420,000 
11,300 

460.000 
2,300 
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6,240.000 
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6,560,000 
8.100 

320.000 
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B.  C 

B.  C 

:;::::::;: 

25  7S 
34  79 

the  oxygon  wat*  read  off  directly  from  the  burette  in  which  the  gas  luul 
displami  the  water.  The  volume  of  oxygen  gas  which  is  liberato<l  by 
1  cr.  of  the  bhMxl  in  a  minute  was  taken  as  a  measure  of  the  amount  of 
catulaso  in  the  dcfihrinatfti  IiUmhI. 

Burge  (4),  1.1)  has  reported  the  effect  of  the  emotions  on  the  ratalase 
content  of  tlie  liver  and  blocKl.     He  has  al.-ui  xhown  that  the  catalaM- 
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content  of  the  blood  is  increased  by  prolonging  the  excitement  stage 
of  ether  anaesthesia  and  beUeves  that  the  increase  in  catalase  may 
account  for  the  increased  oxidation  during  the  excitement  stage  of  ether 
anaesthesia  just  as  the  decrease  in  catalaae  may  account  for  the  de- 
creased oxidation  during  the  subsequent  stages  of  anaesthesia.  Burge 
and  Neill  (6)  also  demonstrated  that  the  catalase  of  the  blood  is  de- 
creased in  the  condition  of  "shock."  In  our  preliminary  experiments 
dealing  with  the  effect  of  secretin  on  the  blood  catalase  in  rabbits  it  was 
found  that  the  injection  caused  an  actual  decrease  in  the  catalase  con- 
tent. A  similar  decrease  was,  however,  noted  in  control  animals. 
Subsequently  it  was  discovered,  as  is  indicated  in  table  2,  that  this 

TABLES 

The  cataloie  content  of  normal  r^Ails 


..,. 

C.T..A,. 

>.""» 

iDlba 

IxCiDlliDf 

Alter 

tOmioutaa 

VOmiDuUc 

ISOmiDutM 

IMminuta 

0 

May  23 

67.0 

46,0 

41.0 

37.0 

7 

May  23 

56.0 

52.5 

45.0 

44.0 

44-0 

8 

May  24 

100.0 

95.5 

89.5 

87.0 

84.0 

82.5 

g 

May  24 

33.0 

31.5 

30.0 

28.5 

30.5 

6* 

May  25 

29.0 

48.0 

38.5 

34.5 

!• 

May  25 

73.0 

80.0 

80,0 

73,0 

10 

May  27 

90.0 

87.0 

89,0 

86.5 

86,0 

11* 

May  27 

82,0 

86.0 

74.5 

65.0 

7 

May  28 

71.5 

65.5 

65.5 

75.0 

72.5 

«• 

May  28 

71.5 

74.0 

73.0 

77.0 

decrease  was  apparently  associated  with  the  handling  and  fright  of 
the  animals  for  if  time  was  allowed  to  elapse,  the  catalase  determi- 
nations became  reasonably  constant. 

Four  experiments  marked  with  an  asterisk  (*)  show  an  increase  in  the 
catalase  content  at  first.  Probably  these  animals  were  less  frightened 
by  repeating  the  experiment.  As  we  see  in  the  foregoing  table,  the 
catalase  content  in  the  blood  decreases  mostly  during  the  beginning 
one  and  a  half  hour  of  the  experiments  and  then  becomes  relatively 
constant. 

In  our  experiments  secretin  was,  therefore,  injected  hypodermically 
after  the  catalase  content  became  relatively  constant.     One   cubic 
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eentuneter  of  secretin  per  kilogram  of  body  weight  was  given  hypo- 
dcrmically.    The  results  obtained  will  be  found  in  table  3. 

Experiments  4  and  9  showed  do  increase  in  the  catalase  content. 
In  pxperiment  1  the  secretin  was  injected  intravenously.  Exropt  for 
thpfe  experiments,  a  dose  of  1  cc.  of  secretin  solution  per  kilogram 
of  body  weight  was  able  to  produce  an  average  increase  of  17  per  cont 
in  the  catalase  content  of  the  circulating  blood.  It  was  not  deter- 
mined whether  there  is  a  more  effective  dose  than  the  one  UBod. 

Several  experiments  for  control  were  undertaken  in  order  to  deter- 
mine if  this  increase  in  the  catalase  content  of  the  blood  is  caused 
TABLE  I 
Dour:  I  <■<•.  trfrrlin  »olulion  per  fctfotrran  o/  body  ireiglil 
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31  0 
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27  5 

15 

30 

45  0 
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36  5 
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tl7  0 

50 
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M  0 

H3  0 
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900 

76  5 

11 

90 

690 

72  0 
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73  0 

69  5 

11 

60 

770 

Nl  0 

75  0 

76  0 

700 

5 

30 

73  0 

72  5 

605 

64  0 

6K  5 

0 

Averajw  pprrentajw  incrsa**,  17; 


>  47  minuii-" 


cHIKH-ially  by  the  inj(>rtion  of  secretin  milution.  At  first,  2  or  3  cc.  of 
mimial  Haline  solution  were  injectml  HutM-utaneoiiHly  in  rahbitx,  after 
the  cataliiHc  content  in  the  bloo<l  l)ccamc  relatively  wtnHtant.  But  no 
inon'as4'  in  the  catalase  was  mn-n.  as  the  following  table  «how!». 

As  the  secretin  solution  contains  peptone,  we  have  pnicM-dnl  t<» 
the  further  exporimenis  for  eontml  in  or«ler  to  detcmiine  if  the  |M']itono 
itfu-lf  hfts  an  effect  on  the  calalafc  content  of  the  UUhhI.  For  thin  pur- 
pose we  i>erfomte<)  the  following  four  exixTitiicntM  with  u  d<>««'  of  0.01 
gmni  (M-r  kilogram  of  Ixxly  weight.  The  jM'plone  wiis  disM)lvtilin 
noniial  fuiliiie  Kolution  and  injected  hyixHlennli-ully  The  n-sulth  are 
shown  in  tiible  5. 
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A  slight  increase  was  found  in  two  experiments.  But  comparing 
these  results  with  those  of  the  experiments  with  secretin,  the  increase 
is  insignificant.  Hence  the  conclusion  is  justified  that  the  hypodermic 
injection  of  the  secretin  solution  causes  a  considerable  increase  in  the 
catalase  content  of  the  blood  in  thirty  to  ninety  minutes.  Since  cata- 
lase  is  found  in  the  blood  corpuscles,  it  is  natural  to  infer  a  relationship 

TABLE  4 

Influence  of  the  hypodermic  injection  of  normal  aaline  solution  (J  or  S  ec.)  on  the 
eataloie  content  in  the  blood 


0*T» 

^. 

■"™"r 

Timesftarthainjiiotioa 

SOmiDuto 

CO  minuM* 

Wminutw 

1 

2 
3 
4 

34.5 
44.0 
77.5 
33,0 

32.5 
44.0 
80.5 
32.0 

32.0 
44.5 
71,0 
30.5 

31.0 
43.3 

87.0 
30.0 

TABLES 

on  the  effect  of  peptone  on  Ike  catalaee  content  of  the  blood, 
peptone  0.01  gram  per  kilogram  of  body  weight 


CATtuai 

KDHBIB 

ISSiJS- 

M  miEulM 

«0  miDuUt 

llOminutH 

1 

42,0 

43,5 

46,0 

45.0 

41,0 

2 

730 

70,0 

72.0 

72.5 

67.5 

3 

86.0 

80,0 

82.5 

81.5 

77,5 

4 

73.0 

77,0 

77.0 

80,0 

7B.0 

between  the  increased  corpuscle  count  and  the  increase  of  catalase 
produced  by  the  injection  of  secretin. 

The  injluence  of  secretin  on  Ike  diastase  of  the  Mood,  Investigations 
were  carried  out  to  study  the  influence  of  secretin  on  several  ferments 
IB  the  blood.     Diastase  was  first  examined. 

Inoue  has  recently  made  an  interesting  report  on  methods  for  the 
determination  of  diastase,  which  is  not  yet  published.  It  was  proved 
by  him  that  Wohlgemuth 's  series  method  for  the  determination  of 
diastase  does  not  give  rehable  results.    He  has  recommended  a  new 
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method,  which  givas  imifonnly  good  results.  In  our  experiment  tbia 
new  method  was  employed;  namely:  normal  saUne  soliitioD,  which 
contains  a  certain  quantity  of  salt  and  acetic  acid,  was  always  used  for 
the  dilution  of  the  blood  senim.  One  cubic  centimeter  of  the  diluted 
serum  solution  (in  our  cases  5  per  cent)  was  added  to  I  cc.  of  0.1  per 
cent  amylum  solution  and  incubated  in  a  water  bath  at  88°C.  At  in- 
terv&bi  of  a  minute  a  drop  of  Lugol's  solution  (1/50  N)  was  added  to 
it  to  see  whether  the  amylum  was  completely  digested  or  not.  The 
time  which  is  necessaiy  for  the  complete  digestion  of  the  amylum  was 
taken  as  a  measure  of  the  amount  of  fliastase.  The  results  here  re- 
corded are  based  upon  the  examination  of  twelve  different  specimens 
obtained  from  eight  different  rabbits. 


"V~4.o'™-;;;;u" 
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Cuntnil:  nothing  injrclrd 


1 

26 

26 

29 

28 

27 

2 

27 

28 

28 

30 

31 

Thftie  experimentn  nhow  that  the  content  of  diastase  in  the  blood 
is  not  influenced  at  all  by  the  hypodermic  injection  of  the  secretin  solu- 
tion in  a  done  of  1  cc.  per  kilogram  of  Ixnly  weight.  Incidentally  we 
tettt4Hl  the  wnim  of  these  rabl>it«,  in  which  xecrctin  had  been  injected, 
on  the  enuoleale<l  eyes  of  frogs  to  see  if  there  wan  any  adrenal  in -like 
suWtance  in  the  blood.    The  results  were  entirely  negative. 

Thf  influmce  of  secretin  ufHin  the  niigar  and  the  gli/colylic  fermeni  of 
the  bUxxi.  The  blood  wan  taken  from  the  ear  of  rabbits  and  quickly 
defibrinat«l.  Four  ruhic  wntimeters  were  adilM  immediately  to  36 
cc.  normal  .-ukline  ncilution,  eontnininfc  a  known  quantity  of  6  per  rent 
Br>lution  of  pure  <iextnn«'.  Twenty  ruliir  ccntinieteni  of  the  mixture 
wore  examine^l  tniincdJAlely,  and  the  rctnaimter  wai>  plare<l  in  an  in- 
cubator at  37''('.  for  twenty  h<mrn.     The  \>Uxn\  siiRar  e<»nlent  was 
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determined  with  the  remaining  portion  of  the  defibrinated  blood. 
Throughout  the  research  rigid  precautions  as  regards  asepsis  were 
taken. 

The  specimens  were  always  precipitated  by  liq.  ferri  dialysat.  and 
potassium  sulphate  (saturated  solution),  and  filtered.  In  all  estima- 
tions of  sugar  Pavy-Kumagawa-Sudo's  method  was  employed.  At 
first,  1  cc.  of  secretin  solution  per  kilogram  of  body  weight  was  given 
subcutaneously  to  see  if  it  influenced  the  sugar  and  glycolytic  fer- 
ment content  of  the  blood.  But,  no  influence  being  observed,  10  cc. 
per  kilogram  of  body  weight  were  administered.  The  results  are 
shown  in  the  following  tables. 
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8 
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9 
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448 
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6.288 
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3.160 

2.488 

33.5 
27.1 

4 

10 

i 

Before  injection 
One  hour  after 

8 
8 

772 
732 

5-460 
5,648 

3.312 

3.084 

37.8 
35.3 

6 

10 
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Before  injection 
One  hour  after 

8 
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548 
396 

4  216 
4,076 

4-332 
4,320 

.   50.7 
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All  of  thcfic  pxpcriniontf)  show  xoine  inrrvase  in  the  amount  of  thf> 
blooti  miKar.  But,  as  thp  l)loo<l  Augar  content  in  labile,  such  a  slixUt 
increuw  may  l>c  caused  by  factors  such  an  excitement  of  the  animal. 
It  thus  appears  that  the  blooci  flugar  is  not  influenoetl  by  the  adminii^ 
tratioD  of  secretin. 

As  we  see  in  the  foreRoinft  table,  no  marked  decrease  in  the  ([lycolylir 
power  of  the  blood  was  prove<l.  It  would  thus  appear  that  the  sugar 
and  glycolytic  ferment  of  the  bloo<l  are  in  no  way  altered  quantitatively 
by  the  administration  of  secretin. 

CONfLUSlOXe 

1.  Secretin,  when  injected  subcutaneously,  produces  an  increase  in 
the  numlx-r  of  red  and  white  corpuscles  in  the  circulating  bloo<l  of 
rabbits,  as  Downs  and  E<ldy  proved. 

2.  The  hypodermic  injection  of  1  ce.  of  secretin  causes  an  increaK 
in  the  ralalase  content  of  the  blofxl. 

3.  Neither  increase  nor  decrease  in  the  diastase,  glycolytic  ferment 
and  sugar  of  the  blood  was  ol>ser\-e<l  after  the  hyp<Kiemiic  injection  of 
1  cc,  of  secretin. 

I  desire  to  express  my  sincere  thanks  to  Pnif.  Dr.  K,  Katayama  and 
Prof.  Dr.  S.  Mita,  to  whom  I  am  indebted  for  suggesting  the  problem 
and  for  their  kind  advice. 
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Lusk  (1)  found  that  the  ingestion  of  glycocoU,  alanin,  leucin  and 
tyrosin  increased  oxidation  while  the  ingestion  of  glutamic  acid  did 
not.  Grafe  (2),  contrary  to  Lusk,  found  that  the  ingestion  of  glu- 
tamic  acid  aa  well  as  glycocoU,  alanin,  leucin  and  tyrcrain  increased 
oxidation.  We  (3)  had  found  that  whatever  increased  oxidation  in 
the  body  produced  a  corresponding  increase  in  catalase  by  stimulat- 
ing the  digestive  glands,  particularly  the  liver,  to  an  increased  output 
of  this  enzyme,  and  that  whatever  decreased  oxidation  produced  a 
corresponding  decrease  in  catalase  by  decreasing  the  output  from  the 
liver  and  by  the  direct  destruction  of  the  enzyme  in  the  blood  and 
tissues.  The  object  of  the  present  investigation  was  to  determine  if 
the  ingestion  of  amino-acids  such  as  glycocoU  and  alanin  would  produce 
an  increase  in  catalase  parallel  with  the  increase  produced  in  oxidation, 
and  whether  amino-acids  such  as  glutamic  and  aspartic  would  produce 
DO  increase  in  catalase  in  keeping  with  Lusk's  contention  that  they  do 
not  increase  oxidation,  or  whether  they  would  produce  an  increase  in 
catalase  in  keepii^  with  Grafe's  contention  that  the  ingestion  of  these 
two  amino-acids  does  increase  oxidation.  The  effect  of  the  ingestion 
of  an  adequate  and  of  an  inadequate  protein  was  also  studied.  The 
adequate  protein  used  was  casein  and  the  inadequate  one,  gelatin. 
A  digest  of  each  of  these  proteins  was  made  by  adding  200  cc.  of  acti- 
vated pancreatic  juice  to  300  grams  of  each  of  the  proteins  in  a  small 
amount  of  a  1  per  cent  sodium  carbonate  solution.  This  material  was 
kept  in  a  thermostat  at  40''C.  for  200  hours.  Thymol  was  the  preserv- 
ative used.  The  amounts  of  the  amino-acids  used  were  5  grams  per 
kilc^ram  of  body  weight  of  the  animal.  The  glutamic  and  aspartic 
acids  were  given  in  the  form  of  the  sodium  salts  and  in  concentrated 
solutions.    The  glycocoU  and  alanin  were  given  in  as  concentrated 
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solutioDS  as  could  be  made  with  distilled  water.  The  whole  of  the 
300  grams  of  the  protein  diKeeta  was  used. 

After  etherising  the  atumaU  and  opening  the  abdominal  wall,  the 
materials  were  introduced  into  the  intestine  under  pressure  tnmt  a 
bottle  through  a  rubber  tube  and  an  attached  hypodermic  needle. 
The  catalaae  in  0.5  cc.  of  blood  taken  directly  from  the  liver,  the  portal 
and  jugular  veins  was  determined  before  as  wel!  as  at  fifteen-minute 
intervals  after  tho  introduction  of  the  different  materials.  The  bl<M»d 
of  the  liver  was  collected  from  a  superficial  incision  made  in  this  organ. 
The  catalasc  was  determined  by  adding  0.5  cc.  of  blood  to  50  cc.  of 
diluted  hydrogen  peroxide  in  a  bottle  at  approximately  22°C,  and  the 
amount  of  gas  liberated  in  ten  minutes  was  taken  as  a  measure  of  the 
amount  of  catalase  in  the  0.5  cc.  of  blood. 

In  figure  1  under  glycocoU,  alaoin,  glutamic  Acid,  aspartic  arid, 
asparagin,  (glutamic  acid,  glycocoU),  (aspartic  acid,  glycocoU),  (as- 
paragin,  glycocoU),  are  given  curves,  constructed  from  data  obtained 
from  dogs  before  as  weU  as  at  fifteen-minute  intervals  after  the  intro- 
duction  of  these  materials  into  the  alimentary  tract.  The  figures 
along  the  ordinate  represent  amounts  of  cat&laee  measured  in  cubic 
centimeters  of  oxygen  and  the  figures  along  the  abeciasae.  time  in 
minuted.  The  continuous  line  curves  were  constructed  from  data 
obtained  from  the  blood  of  the  liver,  the  discontinuous  line  cun-es 
from  the  blood  of  the  portal  vein,  and  the  dotted  Une  curves  from  the 
blood  of  the  jugular.  It  may  be  seen  in  figure  1,  dog  1,  under  glycocoU. 
that  previous  to  the  introduction  of  the  glycocoU,  0.5  cc.  of  blood  from 
the  liver  liberated  84  cc.  of  oxygen  from  hydrogen  peroxide  while  0.5 
cc.  of  blood  from  the  portal  and  jugular  veins  liberated  64  and  66  cc. 
respectively.  After  the  introduction  of  the  glycocoU  the  catalase  of 
the  blood  of  the  livpr,  portal  and  jugular  veins  was  increase<l  as  is  indi- 
cated by  the  increase  in  the  amoimt  of  oxygen  liberated  from  the  by- 
drogen  peroxide.  The  catalase  of  the  blood  of  the  liver  was  increased, 
particularly  during  the  first  fifteen  minutes,  more  rapidly  than  that  ot 
the  portal  or  jugular  veins.  This  is  taken  to  mean  that  the  f^coooU 
was  stimulating  the  Uver  to  an  increased  amount  of  catalajte.  That  the 
liver  is  continuously  replenishing  the  blood  and  hence  Ihe  tissues  with 
catalase  is  shown  by  tho  fact  that  the  blood  of  the  li\'er  is  always  rirber 
in  ralalase  by  15  (o  20  per  cent  than  the  hltxHl  from  any  other  part 
of  the  iHHly.  The  fact  aino,  as  shown  in  a  pre\'ious  publication,  that 
the  intr<Nlucti(tn  of  a  sulwtance,  such  an  ethyl  alcohol,  which  normally 
pro<luci>s  a  greiit  increiu*e  in  catalase,  pn>duced  a  very  small  or  oo  in- 
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crease  after  the  liver  waa  cut  out  of  the  circulation  by  an  Eok  fistula 
and  by  ligating  the  hepatic  arter>'  waa  taken  to  mean  that  the  liver  is 
the  ontan  principally  rcRponflible  for  the  production  of  catalane.  It 
may  be  neen  that  the  alanin  also  produced  an  increase  in  catalaac  while 
the  glutamic  and  attpartic  acids  and  asparaftin  did  not.  It  may  also 
be  seen  under  (glutamic  acid,   glycocoll),    (aspartic   acid,    glycocoll) 


Vif.  2.  (*urvri<  nhowjnit  Ihp  cfTi-rt  i>f  llir  intrixliirrinn  into  ihp  intp-litir<  «f  m 
pnnrroalic  diltr*!  uf  An  adt-tiUBtr  protein,  ruu-in.  anil  of  an  inail(>()iiMl«  prolrin 
IH'liilin.  Th<-  fifcurrH  i.Ch  M>i  alonK  tlir  alMTJMiB  imliraip  tiini-  in  miiKili'ii,  and  i)tp 
fixuren  '0^60 1  along  thr  nrdinatr.  prrrenlafn'  inrrrum'  in  lliccutalaM.'  »r  llic  lilixxl 

and  (ikMiwrsfcin,  fctyroroll)  that  after  the  intnMlurtion  of  afl|tHrtic  and 
glutaiiiic  Hri(ln  and  aximnigin  had  pnKlucot)  no  incri'ti-sc  in  c:il»laM>, 
tin'  introdurtiiin  of  glyrocoll  pHMhinnl  a  ver>-  mnrke<l  incmiM'. 

In  fiioire  2  the  curvitt  wen'  cimMtnic-trd  from  data  obtnirie*!  Itcfore 
an  well  ax  at  fiflcen-niiiiule  inlcnidM  after  the  intrtxiuction  into  thv 
intt-ntimtt  of  a  iwmcrcatir  diifnt  of  ;M)0  grimi!*  of  niMcin  and  of  .'MW 
grains  of  gelatin.     The  A\%i>l  of  Ciu'h  of  thi-in'  proteins  was  prcp:irc<i 
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and  introduced  as  already  described.  It  will  be  seen  that  the  introduc- 
tion of  the  digests  of  the  adequate  protein,  casein,  as  well  as  of  the 
inadequate  protein,  gelatin,  increased  the  catalase  of  the  blood  very 
extensively,  in  keeping  with  the  fact  that  the  ingestion  of  these  pro- 
teins increases  oxidation. 

SUMMARY 

The  ingestion  of  amino-acids  such  as  glycocoll  and  alanin  produces 
an  increase  in  catalase  with  resultii^  increase  in  oxidation,  by  stimulat- 
ing the  digestive  glands,  particularly  the  liver,  to  an  increased  output 
of  this  enzyme;  while  the  ingestion  of  amino-acids  such  as  glutamic 
and  aspartic  produces  no  increase  in  catalase,  in  keeping  with  the  fact 
that  they  cause  no  increase  in  oxidation. 

The  introduction  of  the  digest  of  the  adequate  protein,  casein,  as 
well  as  the  digest  of  the  inadequate  protein,  gelatin,  produces  an  in- 
crease in  the  catalase  of  the  blood,  in  keeping  with  the  fact  that  the 
ingestion  of  these  proteins  brii^s  about  an  increase  in  oxidation. 
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The  experiments  tabulated  below  were  performed  to  obtain  iDfor- 
matioD  conreming  the  regeneration  and  source  of  blood  proteins,  their 
fluctuation  under  abnormal  conditions  and  their  function  in  the  body 
economy.  The  experimental  evidence  is  sufficient  to  show  that  the 
regeneration  of  blood  serum  proteins  is  quite  slow,  in  fact  a  matter  of 
several  days,  following  a  marked  depletion  of  blood  proteiu.  This  is 
in  striking  contrast  to  the  rapid  regeneration  of  fibrinogen  (one  of  the 
blood  plasma  proteins),  which  has  been  studied  previously  by  VMiippIe 
(1)  and  Goodpasture  (2).  Regeneration  of  the  blood  serum  proteins 
can  take  place  during  starvation,  although  not  as  rapidly  as  on  a  full 
diet,  but  this  shows  that  the  body  can  manufacture  these  proteins  at 
the  expense  of  other  body  proteins  or  perhaps  by  conserving  the  amino 
acids  which  result  from  the  protein  katabolism  of  starvation. 

It  is  not  necessary  to  review  the  rather  extensive  literature  on  this 
subject  as  excellent  reviews  by  Morawits  (3)  in  1000  and  Howe  (4)  in 
1016  are  available.  It  is  to  be  noted  that  all  the  eariier  workers 
failed  to  demonstrate  any  constant  fluctuations  in  the  blood  proteins 
during  periods  of  fasting  or  after  heavy  feeding.  Some  observers 
noted  a  relative  increase  in  globulins  at  the  expense  of  albumins  after 
long  periods  of  fasting  and  others  deny  that  them  fluctuations  are  in 
exretw  of  those  noted  in  normal  animals  un<)er  the  usual  experimental 
conditions.  We  can  agree  with  the  general  opinion  that  the  blood  serum 
proteins  show  but  minimal  fluctuations  during  periods  of  fasting  or 
after  heavy  feeding  and  such  fluctuations  may  Im>  ol>wrved  in  normal 

'  Wm.  J.  Krrr.  Shdilon  TravrliiiK  Ti-llow  in  Rn>««rch  Me<lirin«,  igiO-IMT. 
Harvard  I'nivroity,  ('Hintiridicr.  MaiwarhuiietU). 
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animalB  (compare  table  1).  -Our  observations  go  to  show  that  the 
amounts  of  blood  proteins  in  dogs  may  vary  more  in  different  animals 
than  in  the  same  animal.  In  other  words,  a  given  dog  has  his  normal 
protein  level  which  shows  only  slight  fluctuations,  but  this  level  may 
differ  considerably  from  the  level  of  another  normal  dog. 

The  earlier  workers  employed  methods  for  the  estimation  of  blood 
proteins  which  required  large  amounts  of  blood  and  at  once  introduced 
the  factor  of  hemorrhage  if  many  observations  were  to  be  recorded 
on  the  same  animal  within  a  short  period  of  time.  The  labor  neces- 
sary to  isolate  these  various  proteins  was  great  and  precluded  any  large 
series  of  observations  by  any  single  worker.  We  felt  that  it  was  very 
important  to  make  frequent  observations  during  any  given  experiment  in 
order  to  get  any  clear  understanding  of  the  curve  of  blood  protein  regen- 
eration uninfluenced  by  great  loss  of  blood. 

The  refractometric  method  of  Robertson  (5)  for  the  estimation  of 
blood  protein  lends  itself  admirably  to  such  work  and  made  possible 
these  experiments.  It  is  of  interest  to  note  that  our  figures  are.  tn 
accord  with  those  of  Morawitz  (6),  who  used  the  older  methods  of  pre- 
cipitation and  analysis  but  very  similar  methods  to  deplete  the  blood 
proteins.  This  indicates  that  the  figures  obtained  by  the  refractometer 
corresponded  to  those  obtained  by  the  other  methods.  We  have  re- 
corded elsewhere  (7)  the  values  of  blood  proteins  observed  in  normal 
dogs  and  a  detailed  description  of  the  methods. 

METHODS 

Dogs  were  used  for  all  these  experiments  and  all  remarks  unless 
otherwise  stated  refer  to  dogs  and  their  blood  serum  proteins.  All 
operative  procedures  were  done  under  complete  surgical  ether  anaes- 
thesia. So  far  as  we  are  aware,  Morawitz  was  the  first  worker  to 
employ  the  method  of  plasma  depletion  as  used  in  these  experiments. 
The  method  is  very  simple  and  consists  of  bleeding  the  animal  from 
the  artery  and  introducing  into  the  vein  red  corpuscles  washed  and 
suspended  in  saline  solution,  Locke's  solution  or  some  modification  of  a 
protein-free  solution.  The  red  cell  Locke's  solution  mixture  may  be 
given  during  the  arterial  bleeding  or  after  the  bleeding.  Morawitz 
used  the  former  method.  This  method  was  used  by  Abel,  Rowntree 
and  Turner  (8)  and  called  "  Plasmapharesis."  We  wish  to  use  the 
term  to  indicate  a  withdrawal  of  whole  blood  and  replacement  of  washed 
red  oorpuBcles  suspended  in  Locke's  solution  or  some  modification  of 
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thJB  medium.  However  this  procedure  may  be  uwd  it  effects  a  dilution 
or  depletion  of  the  plasma  and  removes  plasma  proteins  in  lar^c  amounts. 
The  experiment  can  be  repeated  frequently  during  the  day  and  the 
blood  proteins  can  be  reduced  to  a  low  level  without  any  anemia  or  fall 
in  the  volume  of  red  blood  cells.  If  these  exchanges  are  done  with 
care  and  proper  regard  for  clinical  evidences  of  shock,  the  plasma  de> 
pletion  can  be  carried  from  6  per  cent  protein  to  2  per  cent  and  even 
a.»  low  as  1  per  cent  serum  protein.  If  the  exchanges  are  too  rapid  or 
too  large  in  amount  the  dog  will  go  into  a  condition  of  profound  shock 
which  will  be  discussed  in  detail  in  a  future  publication. 

In  our  first  experiments  we  had  some  trouble  with  subsequent  in- 
fection at  the  site  of  operation  in  the  neck  or  groin  where  the  vcsaeU 
were  exposed,  but  improved  technique  did  away  with  this  factor  and  the 
wounds  healed  in  two  to  three  days  with  a  minimum  reaction.  In 
these  experiments  the  blood  was  drawn  into  clean  glass  containers 
into  oxalate  or  citrate  and  centrifuged  to  separate  the  plasma.  The 
red  cells  were  washed  at  least  twice  to  remove  all  proteins  and  su^ 
pendcd  in  Locke's  solution  or  Locke's  solution  containing  3  to  4  per 
cent  gum  acacia  made  up  to  the  original  volume.  These  collections 
and  washings  were  not  done  with  complete  aseptic  precautions  but 
some  later  experiments  done  with  every  aseptic  caution  gave  identical 
results.  In  some  experiments  we  used  washed  red  corpuscles  obtained 
from  another  nor^ial  dog,  but  in  other  experiments  (tables  4,  5  and  6) 
the  corpUHcles  were  obtained  from  the  same  dog  on  the  day  before  the 
complete  experiment  was  carried  out.  \o  differences  in  experimental 
rwtult  can  be  attributed  to  these  differences  in  re<l  blood  corpuscles. 

The  blood  proteins  were  estimated  by  the  refractometric  method  of 
Rol>ertsoo  (5).  The  greater  part  of  the  readings  was  made  by  the 
same  individual  and  with  but  one  exception  the  readings  given  in  any 
one  table  were  all  made  by  the  same  individual  to  minimise  fluctua- 
tions which  nuay  l>e  due  to  personal  factors. 

Metabolism  experiments  were  dime  in  the  usual  cages  which  make 
po}<.'<ible  an  accurate  collection  of  urine.  The  dogs  were  catheteriscd 
at  the  end  of  every  24-hour  peri<M),  the  bladder  washe<l  out,  the  animal 
weighdl  and  given  a  unifonii  amount  of  water  by  stomach  tube — usu- 
ally 4(N)  cc.  The  urinar>'  collections  and  cage  washingx  were  made  up 
to  a  unit  volume  and  aiialyttes  of  nitrogen  by  the  Kjcldahl  method 
done  in  duplicate. 

Tlie  e»timatC4l  blood  V(ilumc«  were  calculated  as  7.S  per  cent  of  the 
b(Mly  weight.     Kxperinu-ntn  Mxm  to  In-  pul)li>h(Hl  will  indicate  that  this 
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fi^re  is  below  the  actual  blood  volume  figure  which  will  average  about 
10  per  ceut  according  to  the  accurate  determiuationa  in  the  normal  dog 
made  possible  by  an  improved  dye  method  for  blood  volume  estimation. 
The  figures  for  total  blood  volume  per  cent  exchange  as  given  in  the 
tables  are  actually  about  30  per  cent  too  high.  We  hope  to  report 
other  experiments  in  which  this  factor  is  accurately  controlled. 

EXPERIMENTAL  OBSERVATIONS 

All  the  results  are  given  in  the  form  of  tables  and  unless  otherwise 
stated  the  dogs  were  in  normal  condition  during  the  entire  experiment. 
It  will  be  noted  that  several  series  of  observations  (for  example,  tables 
4  and  5)  were  made  upon  the  same  animal  under  the  same  or  different 
experimental  conditions.  This  gives  additional  data  concerning  the 
normal  fluctuations  of  plasma  proteins  during  varying  intervals  of 
time  in  the  same  animal.     Table  1  is  given  here  to  furnish  data  of  a 


Serum  albumin,  globnlin  and  total  protein  after  feeding  and  after  fasting 


December  30 
January       3 


JaDuaiy     10 
January     13 


Starved  3  daye  (?) 
3  days  of  mixed  diet  3 

hours  after  meal 
Bled    24    hours    after 

feeding 
6  days  of  fast 
2  hours  after  feedine 
After  a  feeding 


characteristic  experiment  which  shows  the  negative  result  of  fasting 
and  heavy  feeding  upon  the  blodd  serum  proteins  of  a  normal  dog. 
This  is  in  harmony  with  the  work  of  other  experimenters  who  used  dif- 
ferent methods.  "Protein  quotient"  in  table  1  is  a  figure  obtained  by 
dividing  the  albumin  per  cent  by  the  globulin  per  cent  and  does  not 
vary  very  greatly  in  a  normal  dog.  With  increase  in  the  globulin  this 
protein  quotient  approaches  one  and  there  may  be  inversion  of  the 
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normal  ratio  giving  a  protein  quotient  of  0.5  or  even  less.  Such  in- 
version  is  oft«n  present  in  infections  and  intoxications  ta  pointed  out 
in  detail  in  other  publications  from  this  laboratory  (7  and  9).  The 
■  "protein  quotient"  is  not  figured  in  the  other  charts  as  we  do  not  with 
to  emphasise  this  figure  in  these  experiments. 

Tables  2  and  3  give  the  results  of  two  experiments  which  are  good 

examples  of  others  similarly  performed.     Table  2  illustrates  a  moder- 

TABLE  t 

Oftg  IB-i.     Rrgrnrralion  of  nrrum  prolrinn.     Faiting 


i  U 


IBIH 


May 

M«y    6 

May  10 

ijperiinen  1. 

Hprrimeti  2.  . 

HpM-imea  3. . 

SpM-iin«D  4. . 

May  II 

May  12 

.May  13,    •   ... 

Mav  U 

May  15.        .-. 

May  Ifl 

.May  17  ., 

Mav  IH 

May  HI,    ,    , 
May  !.■» 


raoTum 

..„„ 

1 

V- 

1 

..-,.„ 

ml 

SZt 

pHlUt 

IS 

2  2 

22. SO 

Futbg  b«KUD 

l.U 

2  0 

2  S 

3  0 

20.13 

PlGMmaphare;:-      Total       blood 

2,J 

27 

withdrawn  905  cr.     R.   B.  C. 

1.8 

2.4 

auspension    iDJeftcd    330    ec. 

20 

2  5 

doDe  in  3  blt«dinpi.  TolftI 
proteina  redurrd  40  per  tmX 

17 

2  4 

10  13 

Animal  artivv.  Wound  in  |i<Hid 
condition 

20 

2  4 

19  OC 

16 

2  4 

11 

2  K 

IN  25 

23 

26 

1  6 

26 

17  » 

2  8 

2  6 

17  i: 

2  * 

2  2 

17  Of 

2  5 

20 

16  Of 

23 

2  1 

16  SO 

ate  depletion  of  werum  proU-iiiti  to  only  fiO  per  rent  of  normal.  The 
bo<ly  in  able  to  regenerate  (*>  the  normal  Henim  protein  level  only  after 
eight  <iflyn.  with  zero  foiwi  intukc.  It  will  l>e  wen  that  in  the  dayc 
following  the  pUsmaphfln-Hi.t  the  globulinn  tend  to  heap  up  faster  than 
the  allmniinx.  Thin  may  be  due  to  some  infertion  during  the  experi- 
ment r)r  more  prolmbly  to  the  nhttck  of  tlie  (>x|M>nnient  a*  xhown  in  later 
table;!.     It  may  l>e  evid<'nce  that  the  wruiti  gloliulin)>  are  regeneralwl 
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faster  than  the  albumins  or  that  during  this  forced  regeneration  the 
precipitation  values  of  these  proteins  may  vary  from  normal. 

Table  3  gives  the  results  of  a  slightly  different  experiment.  At  the 
beginning  of  the  experiment  a  large  amount  of  Locke's  solution  was 
introduced  and  this  was  followed  at  once  by  the  usual  plasmapharesis 


Dog  le-m.    Hydra 

tmic 

proleim.     Fatting 

■  ■men  moTRM* 

..,.„ 

""' 

I 

P 

i 

1 

"-*-" 

1917 
May  IS 

4.9 

2.8 
2.5 

1,8 
1.6 
1.7 

2.5 
2,8 
3-2 
36 
3  7 
3.6 
3.9 
3.8 

3  0 
3  9 
3.9 
4.0 

4-1 
4.1 
4.8 

3.4 

1.7 
16 

0.9 
0.8 
0.9 

1.2 
1.3 
1,8 
1,9 
1,7 
1,9 
1,9 
1-9 

2,0 

2,1 
2,1 
1,6 

2-3 
2-1 
2.9 

CttU 

1,5 

1,1 
0.9 

0,9 
0.8 
0,8 

1,3 
1,6 
1-4 

2.0 
1.7 
2,0 
IS 

1,6 
1,8 
1,8 

2,4 

1.8 
2  0 
1.9 

2,3 

1,7 
2,0 

2.2 
2,3 
2,5 

2,1 
2-4 
2-3 
2.2 
2.0 
2,1 
1,9 
2.0 

1.7 
1,8 
1,8 
1.9 

2-0 
18 

1,8 

16,75 
16,26 

16,25 
15,75 
15.60 
14,63 
14-25 
14.00 
13,63 
13.25 

13,63 
13,25 
13,63 

13,50 
1400 
13,63 

Bled  170  CO.  into  20  cc.  10  per 
cent  sodium  citrate  solution 

Rydraemic  plethora.  1000  cc. 
Locke's  solution  introduced  in- 
to femoral  vein  before  plas- 
mapharesis 

Pl<umapharen»:  Estimated  blood 
volume  555  cc.  Bled  1070  cc. 
in  4  bleedings  of  150-400  cc. 
each.  Total  102  per  cent  of 
blood  volume.  Reinjected 
1920  cc. 

Water  ad  lib              « 

May  16 
Spectmeo  1. , , 
SpecimcD  2. . . 

Specimen  3. . . 

May  17 

Slight  hemolysis 

May  24 

Meat  diet  after  bleeding 
Slight  turbidity  of  serum.    Meat 
diet 

Juno  2 

June  4 

Meat  diet 

Experiment  discontinued 
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durinft  which  920  cc.  of  red  blood  cell  suspension  were  injected  and 
bleedings  of  1070  cc.  were  removed.  This  procedure  removea  more 
blood  prot«>in  but  also  intensifies  the  shock  and  the  chances  of  a  fatal 
reHult  are  greater.  Removal  of  192  per  cent  of  the  estimated  blood 
volume  lowered  the  blood  proteins  to  1.7  per  cent  The  curve  of  re- 
generation ie  quite  slow  during  nine  days  of  fasting  and  was  not  rapid 
even  on  a  meat  diet.  Thus  table  3  illustrates  the  difficulty  with  which 
the  body  regenerates  serum  protein  when  the  circulating  protein  is  de- 
plete<l  and  probably  the  reserve  supply  called  out.  During  the  firet 
week  there  is  a  tendency  for  the  globulins  to  increase  more  rapidly 
than  the  albumins. 

The  three  tables  below  (tables  4,  5  and  6)  are  very  simUar  and  give 
nterexting  data  concerning  the  basal  nitrogen  metabolism.  Following 
the  pUsmapharesis  there  is  a  definite  rise  of  nitrogen  elimination  in  the 
urine — often  one  or  two  grams  of  nitrogen  above  the  normal  base  line 
to  be  noted  in  each  of  the  two  days  following  the  plasmapharesis.  Tb« 
curve  of  nitrogen  elimination  rexembles  exactly  that  reported  by 
Whipple  and  Cook  (10)  following  the  intravenous  injection  of  proteone 
material.  We  wish  to  assume  that  in  both  cases  we  are  recording  a 
definite  injury  to  body  proUin,  in  one  case  due  to  the  sudden  dilution  of 
the  plasma  and  in  the  other  case  due  to  the  action  of  toxic  proteo«e  on 
the  body  protein. 

Furthermore,  there  is  no  evidenre  of  any  increased  protein  breakdown 
during  the  period  of  prolonged  effort  on  the  part  of  the  body  to  build 
up  the  blood  serum  proteins.  There  is  the  period  of  two  to  three  days 
or  longer  following  the  plasmapharesis  in  which  the  nitrogen  eliminatjoa 
is  much  above  normal;  then  follows  a  period  of  normal  nitrogen  elimi- 
nation for  a  week  or  more  while  the  iKxly  is  xtill  making  up  the  serum 
protein  deficit.  During  the  last  period  there  is  no  evidence  that  tba 
body  is  breaking  down  protein  to  furnish  the  nuterial  to  construct  the 
neoejwary  serum  proteins.  The  protein  break<lown  is  that  normally 
oI»ser\'ed  in  the  fasting  dog.  Some  observers  may  wish  to  explain  the 
primary  rise  in  urinary  nitrogen  after  plasmaphan>.-tiM  as  due  to  an 
emergency  reaction  to  supply  the  urgently  needwl  scrum  proteins. 
We  U'lieve  the  evidence  is  more  in  favor  of  the  explanation  that  ihe 
rise  in  basal  nitrogen  elimination  isduetoactual  injury  of  iMxIy  protein 
atworiated  with  Ihe  shock  of  the  plaxma  dilution.  Table  6  gives  an  ex- 
cellent example  of  acute  and  almo»t  fatal  shock  following  a  small  but 
rapid  plasmapharesis.  An  exchange  of  .W  per  cent  of  the  estimated 
blood  volume  causetl  severe  clinical  shock  with  low  blixKl  prewure  and 
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temperature,  vomiting  and  diarrhoea.  Dog  was  in  poor  condition  when 
removed  to  his  cage.  The  recovery  the  next  day  was  perfect  and  the 
rise  in  basal  nitrogen  is  not  marked. 

TABLE  1 
Regeneration  of  »erum  proleint 


i 

& 

«T. 

1 

S 

1 

.».». 

i 

ii 

1 

11 

1= 

5 

iai7 

^ 

PW 

^ 

r.-. 

Vooxi, 

February  19 

6.2 

3-6 

1.6 

2.0 

1.68 

19.38 

400  cc.  water  daily  by 
stomach  tube 

FebniwySO 

4.9 

3.6 

1.4 

2.2 

1.68 

19.06 

Bled  160  ce.  into  sodium 
citrate  solution 

February  21 

2.10 

18,44 

SpecimeDl... 

4.7 

3.5 

1.2 

2.4 

mated  blood  volume  630 

3.9 

3.1 

0.8 

2.2 

cc.    Bled  740  cc.  in  5 

3.1 

1.8 

1.3 

2.4 

bleedings  of  from  75  to 

Specimen  4.... 

3.1 

2.0 

1.1 

2.5 

160  cc.  each  -  120  per 

2.6 

2.0 

0.6 

2.9 

cent  of  blood  volume. 

Specimens.... 

2.2 

1.8 

0.4 

3.1 

Reinjected  845  co.  of 
Locke's  acacia  solution 

February  22 

3,1 

3.89 

18.44 

Hemolysis 

February  23 

2.7 

1.2 

1,5 

3.7 

4.45 

17.63 

Hemolysis 

February  24 

3.1 

1.1 

2.0 

3.3 

3.14 

17.13 

400  cc.  water  by  stomach 
tube 

February  25 

3.58 

17.00 

February  26 

3.5 

2,0 

1.6 

2.9 

3.00 

16.63 

February  27 

4.5 

2.8 

1.7 

2.7 

2.44 

16.44 

February  28 

4.1 

2.3 

1.8 

2.5 

2,13 

16.19 

March  1 

3.9 

2.2 

1.7 

2.6 

1.82 
l,-74 

15.88 
15.56 

March  2 

76  em.  sugar  in  400  cc. 

water  by  gavage 

March  3 

4.3 

2.6 

1.7 

2.2 

2.02 

15.38 

75  gm.  sugar  in  400  cc. 

water 

March  4 

1.57 

14.88 

MaiiihS 

5,0 

2.8 

2.2 

2,4 

1,40 

1463 

Small  amount  lean  meat 

March  6 

4,9 

3.1 

1,8 

2.5 

Liberal  meat  diet 

March  8 

6.9 

3.3 

2.6 

2.3 

16.00 

Liberal  meat  diet 

Tables  4  and  5  give  the  results  of  similar  experiments  on  the  same 
dc^  at  different  times  and  illustrate  beautifully  the  sbw  protein  regen- 
eration which  follows  the  depletion  of  a  plasmapharesis.    The  normal 
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TABLE  1 

Dog  17-HO.    Rtgtntratitm  of  ««ruai  protetfu.    MttabolitM 


3 

uta 

i 

1 

li 

ll 

P 

1 

.»»» 

ll 

ll 

III 

f 

(S 

[- 

W7 

SOi 

Zi 

£C 

Zi 

«r.-» 

rxmi. 

April  24 

4  0 

3  5 

1.4 

2  4 

2.41 

30.25 

Blod  220  cr.  into  citrate 

aolution 

April  2S 

2.38 

19.19 

nutod  Mood  voluiM  OU 

SpeciineD  1...- 

4.6 

3.0 

I.S 

2.1 

Specimwia.... 

4.3 

3.1 

1.2 

2.0 

cc.    Bl«d  TOO  ft.   in  4 

SpeeimeD  3. . . . 

3.7 

2,6 

1.1 

2.1 

blMdingi  of  150  to  180 

3  4 

2  S 

o.« 

2,2 

cc.    uch.      Totkl    101 

flpMimraS.... 

2,3 

1,7 

0,6 

2,8 

p«r  cent  of  blood  »ol- 
ume.  Rvinjected  MO 
cc.    in    UKko:    «nr» 

ROlutiOD 

April  26 

29 

1  8 

1,1 

2.7 

350 

19  13 

.Slight  iDfection  of  wound 

April  27 

32 

17 

1,5 

2  S 

3» 

18.25 

400  cc.  wMer  d«ly  by 
BtoDwch  tube 

April  2S 

37 

2  3 

14 

2  2 

18  Wl 

April  29 

30 

13 

1.7 

13 

2.38 

17  RS 

Mftrkpd  hFrnolyaii 

April  30 

4  3 

2  4 

1  e 

2  1 

2  44 

I7,6:t 

Moderate  homo ly oil 

fcUy     1 

4  2 

2  i 

20 

2  1 

2  44 

17  63 

Moderate  heiiMlynia 

M.y     2 

201 

17  13 

M.y     3 

4  2 

1  N 

a  4 

2  3 

2  38 

16  81 

M>v     4    . 

4  1 

22 

1  s 

1  8 

1  96 

16  5f 

M.y     5.. 

40 

1  0 

2  1 

2  0 

1  93 

16  31 

M«v     8    . 

1  76 

15  94 

M-y     7 

4  1 

2  4 

17 

18 

I  99 

14  75 

Slight  hemoly-i* 

M»v     «    .       . 

4.2 

2  9 

1  3 

1.7 

I  •« 

15  41 

Mbv     9.  -, 

4  1 

2  5 

18 

19 

1   SH 

15  i:i 

Miv   10  .. 

4  0 

2  7 

19 

1  S 

2  07 

15  on 

Moderate  hemolyiM 

NUy   11 

4  7 

2  7 

20 

1  9 

204 

14  81 

Moderate  hemoly»u.,  50 
Rin.rnneiiuitBrinwmler 
l.y  KaVBRe 

Mnv    12 

4  4 

24 

20 

20 

1  02 

14  r 

50  Km.  rane  lugar  *»<)  ^ 
KID.  Kl<i<'<>"e  in  wkter  by 
KnvsKe 

M«y   13 

4  .1 

27 

1  ft 

.'lO  jmi,  rnnr  tamr  and  25 
fCrn  ftliirime  in  wkter  hr 
Knvnice 
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lBLE(-C«lii. 

uW 

■BBDV  rBOTBim 

1 

.        DAT! 

1 

I. 

F 

|l 

1917 

May   14 

4.4 

4.7 

4.4 
4.3 
4,4 
4.3 
4.6 

S.O 
SO 

4.8 

2.7 

3.0 

2.7 
2-6 
2.9 
3.1 
2.7 

3.1 
3.2 

2.4 

1.7 

1.7 

1.7 
1.7 
1-6 
1-2 
1.9 

1.9 
1.8 

2.4 

2.4 

2.1 

2,4 
2.1 
2.0 
2.0 
2.1 

2.2 
2.2 

2.9 

1  48 
1.65 

14.13 

14.00 

14  60 
1S.2S 
16. SO 

15.88 
15.76 

15.50 

16,  oe 

17,13 

gm.  glucose  in  water  by 
Ravage 

On  bread  and  milk  diet 
after  bleeding 

May  21. 

ing 

Meat  diet.    Slight  hemo- 
lysis 

periment  diacoo tinned 

healthy  fasting  dog  can  regenerate  serum  proteins  only  with  difficulty 
and  complete  repair  from  a  depletion  of  40  to  50  per  cent  takes  many 
days — usually  ten  or  more.  In  many  similar  experiments  we  have  no 
record  of  complete  regeneration  to  the  normal  level  while  the  dog  was 
fasting.  When  the  depletion  is  not  as  great  the  regeneration  may 
take  the  serum  proteins  practically  back  to  normal  in  about  ten  days, 
with  no  food  intake.  Table  4  shows  in  an  extreme  degree  the  change 
which  may  appear  in  the  non-protein  fraction  by  this  refgaction  metric 
method.  During  a  plasmapharesis  there  is  usually  a  rise  in  the  non- 
protein fraction  and  this  may  appear  on  several  days  following  the 
plasma  depletion.  The  increase  in  this  experiment  is  almost  50  per  cent 
above  normal  (table  4)  and  the  non-protein  fraction  remains  high  on  the 
three  succeeding  days.  There  is  no  similar  change  in  the  non-prot«in 
nitrogen  as  determined  by  the  usual  methods — for  example,  by  trA- 
chloracetic  acid  precipitation  of  serum  proteins  and  Kjeldahl  de- 
temainatioas  of  nitrogen  in  the  filtrate.  During  a  long  plasmapharesis 
the  urea  and  non-protein  nitrogen  of  the  blood  plasma  determined  by 
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TABLE! 

Dog  n-lSO.     Regtneralion  of  terum  proitint.     MttdboUtm 
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any  of  the  clii>ical  methods  will  show  a  slight  rise  above  normal — 
even  at  times  50  per  cent  above  normal,  but  this  change  is  very  transient 
and  returns  to  normal  in  a  few  hours. 

The  non-protein  fraotion  as  given  in  the  charts  represents  a  great 
variety  of  substances  in  the  serum  not  precipitated  by  acetic  acid — 
the  salts,  sugar,  urea,  etc.  What  subatance  explains  the  increase  in 
the  non-protein  fraction  under  these  conditions  we  do  not  venture  to 
state.  There  may  even  be  a  change  in  the  precipitation  value  of  the 
proteins.  Work  is  in  prc^p^ss  which  may  throw  some  light  on  this 
point. 

mecasstON 

Many  efforts  have  been  made  to  show  some  definite  relationship 
between  the  blood  proteins,  tissue  proteins  and  food  proteins.  It  is  a 
natural  enough  assumption  that  the  circulating  blood  proteins  play  an 
important  part  in  nutrition  of  body  cells,  but  all  efforts  to  prove  this 
point  have  failed  and  the  more  recent  work  on  the  amino  acids  makes 
it  clear  that  plasma  proteins  do  not  necessarily  represent  a  transition 
stage  between  food  protein  and  body  tissue  protein.  It  is  known  that 
the  blood  proteins  show  no  definite  change  in  hunger  or  after  heavy  pro- 
tein feeding,  but  we  are  familiar  with  other  substances  in  the  blood 
which  maintain  a  very  constant  level  in  health  (for  example,  glucose) 
where  a  rapid  transfer  is  known  to  take  place  between  the  food  and  body 
tissues  through  the  blood.  So  the  constant  level  of  blood  proteins  in 
hunger  or  after  feeding  gives  no  proof  that  the  blood  proteins  are  not 
concerned  in  the  transfer  of  proteins  from  the  food  to  the  body  tissues. 
But  when  by  experiment  we  reduce  the  blood  proteins  to  a  low  level 
(to  33  per  cent  or  even  to  20  per  cent  of  normal)  and  follow  the  slow 
regeneration  to  normal  in  five  to  ten  days  on  a  meat  diet  we  are  fairly 
certain  that  these  blood  serum  proteins  cannot  be  actively  concerned 
as  tranaition  producte  of  protein  metabolism  standing  between  food 
proteins  and  body  tissue  proteins;  otherwise  the  return  to  normal  would 
be  expected  to  take  place  within  twenty-four  hours  or  less.  We  are 
convinced  that  these  experiments  give  sufficient  proof  that  the  blood 
serum  proteins  are  not  directly  concerned  in  the  protein  metabolism  as 
intermediary  products  of  exchange  between  food  protein  and  body  tis- 
sue protein.  We  hope  to  submit  evidence  to  show  that  these  blood 
serum  proteins  serve  a  very  important  function  in  maintaining  the  nor- 
mal equilibrium  of  the  parenchyma  cells. 
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\\  hen  the  Bcrum  proteins  have  been  depleted  to  a  low  level  by  meanx  of 
rejx'uted  plaamaphareiiis  the  dog  will  ah(>w  a  alow  regeneration  of  these 
plasii  a  proteins.  On  starvation  this  curve  may  not  rise  to  normal  in 
toil  to  fouHeen  days  yet  the  nitrogen  elimination  in  the  urine  may  Ite 
noiii  al  after  the  first  few  days.  There  will  be  no  variation  from  nor- 
mal in  the  blood  urea  and  non-prutcin  nitrogen  after  the  evidences  of 
rliiiical  bhock  have  vanished.  Yet  we  cannot  say  with  conviction 
that  the  body  docs  or  does  not  break  down  any  excess  body  protein  to 
fonii  the  tterum  proteins  which  sunOy  are  formed  during  this  period  of 
zcri,  pnitoin  intake.  We  may  as-^umc  that  the  body  conHer\'ci*  certain 
an.ino  acids  and' builds  them  into  the  nereNsary  serum  proteinn  but 
tluTc  is  no  evidence  of  nitrogen  relcntion  (tables 4, 5 and  (»).  It  nm-t 
Ix-  admitted  that  the  b<«ly  may  break  down  cell  protein  and  recast  it 
into  [^•rum  protein  without  changing  the  basal  nitn^en  elimination. 
TliCM'  several  poxHibiKlies  are  to  be  considered  and  at  this  time  wi- 
cannot  emphasise  one  to  the  exclusion  of  another. 

KtMMARV 

Serum  proteins  may  1m'  reduced  to  n  low  Icve'  in  the  normal  dog  b\ 
means  of  repeateil  hleo<linKS  and  simultaneous  injections  of  washitl 
bl.Mid  ccIIh  ausiH'nded  in  sonic  pn.Icin-free  medium  (e.g.,  I/ickcV 
wihitinn). 

Hegeneration  of  the  serum  protcinp^  nay  be  followe<l  after  this  tyix* 
of  plasma  depletion  (plasniaphiin-is!.  This  regeneration  is  a  slow 
and  difficult  niutlcr  occupying  niimy  days-often  seven  to  fourtiii) 
day-  when  the  original  depletion  retitovcd  50  ficT  cent  or  more  of  iIk- 
tnl»l  M>runi  protein. 

Thi.-.  depletion  prcsun.alily  is  the  niiiximal  stimulus  for  b<Kiy  pnxluc- 
tii.ii  of  serum  pmiein.  yd  tlieri'  is  a  nmrked  delay  in  regi-neration.  It 
SI  cnih  ihat  the  Ixxly  can  pn.dixv  .scnini  proteins  only  in  smalt  ttmoiini- 
e\cn  in  nn  cnicrgcniy. 

Scnirii  protciiip  can  lie  rcKcncmtiii  when  there  is  no  protein  intake  in 
the  fiiod.  then-fore  the  S4'nim  protein.-  n.ust  Ih-  fomieil  fn)m  the  iHwly 
pri.trii..-  under  ^u^■h  circiin^ljincc!.. 

The  l.:i>.il  iiiiripn  nictiilxiliTn  shows  no  constant  variation  under 
thoc  c\|  <  rill  ci>l:il  coii'iilioiif.  with  (lie  exception  of  a  primary' rise  in 
iiili'  tc<  ii  dill  iii:itii.n  wliicli  occurs  in  the  few  dins  following  the  »h«><-k 
of  ll,.r.la-l...|.li:.rvM>, 

'11  CM'  i-  ii   hi'iii-ii'V  for  till-  curve  of  glulmlin  regencnition  to  ri'^- 
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faster  than  that  of  the  serum  albumin.  This  may  be  due  tothe  initial 
shock  of  the  plasmapharesis  or  to  some  infection  and  sight  wound 
reaction.  It  may  possibly  be  due  to  more  rapid  production  of  serum 
globulin. 

We  have  no  evidence  of  any  constant  fluctuation  in  serum  proteins 
in  association  with  periods  of  fastinp  or  hpHvy  prot«in  feeding.  The 
changes  observed  come  within  the  lirrits  observed  in  normal  dogs  under 
uniform  conditions.  # 

These  experiments  give  no  evidence  that  the  serum  proteins  may  be 
in  any  way  concerned  as  intermediarj-  products  between  food  protein 
and  body  tissue  or  parenchyn"a  prot<>in, 
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The  experimeoto  tabulated  below  supplement  those  in  the  pieoediog 
paper  and  must  be  compared  with  them  in  any  analysis  of  results. 
The  experimeDtci  were  perfonned  under  identical  conditions  described 
previously  and  the  Bguren  may  be  compared  without  any  allowanoe  be- 
ing nei'esflaiy  to  cover  individual  variations  in  technique.  The  condi- 
tions of  the  experiments  and  methods  have  been  described  in  the  pie- 
ceding  communication. 

It  is  evident  that  the  curve  of  serum  prptein  regeneration  rises  mora 
promptly  to  normal  when  the  dog  is  on  a  full  diet  as  compared  with  a 
similar  experiment  upon  a  fasting  animal.  A  meat  diet  seems  to  be 
most  efficient  in  effecting  a  rapid  regeneration  of  serum  prot«n.  Even 
under  the  most  favorable  conditions  of  diet  it'requires  from  five  to  eight 
days  to  regenerate  the  senmi  proteins  to  normal  when  the  depletioo 
has  been  carried  to  50  per  cent  or  33  per  cent  of  normal.  This  shows 
that  the  body  cannot  form  serum  protein  with  much  more  speed  than 
it  can  form  new  cells  in  parenchymatous  organs  (e.g.,  liver  ceOa). 

EXPERIMENTAL   onSERVATIONS 

Tables  10  and  11  show  very  clearly  the  sharp  rise  in  the  r^tenera- 
tion  curve  of  nerum  proteins  which  \»  aiwociated  vritb  a  meat  diet.  In 
the  first  experiment  the  depletion  of  serum  protein  was  not  extreme  — 
a  re*Iuction  to  2.9  per  cent-  am)  the  rt^gcneration  may  be  considered 
complete  in  five  (lays,  although  the  abnormally  high  figure  of  the  first 

'  Wm.  J.  Kprr,  Sh,-I.l..n  Travclinn  Frllnw  in  Rp-currh  Medicine,  l«lfi-lU7. 
Ilkrvkrd  I'oivpniity.  ('ambridRr.  Mtumkchunetu. 
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reading  is  not  attained.    There  was  no  notable  increase  in  the  globulin 
fraction. 

The  second  experiment  shows  a  great  depletion  of  the  eeruin  proteins 
effected  by  eight  bleedings  amounting  to  157  per  cent  of  the  estimated 
blood  volume.  The  rise  in  t^e  non-protein  fraction  is  well  illustrated. 
The  curve  of  regeneration  is  rapid  and  complete  in  eight  days  in  spite 
of  the  initial  low  level. 

TABLE  10 

Dog  IS-II8.    RegeneTOlioii  of  tervm  proteins.    Meat  diet 


UBOU  PROtBim 

WnOBT 

..™ 

1 

1 

1 

1 

■■HAUS 

1 

ll 

-a 
II 

f 

me 

JK 

IW 

"5" 

~E 

p«mdM 

March  15 

Specimen  1... 

6.4 

50 

14 

2.2 

14.00 

Platmaphareaii:  Estimated  blood 

5.4 

4.1 

1.3 

2,1 

volume  480  cc.    Four   bieed- 

Specimen  3. . . 

4.7 

4.0 

0,7 

2.2 

inp    each    of    135    cc    Total 

3.5 

2.5 

1.0 

2.4 

withdrawn  540  cc.    Reinjected 

Specimen  5. .  - 

2,9 

1.8 

1.1 

2.7 

13.75 

600  cc.  Total  protein  reduced 
55  per  cent 

March  16 

3.6 

2.3 

1.3 

2.0 

14.00 

Dog  active.  Wound  in  good 
condition 

March  1? 

4.2 

2.5 

1.7 

1.9 

13.50 

Meat  diet 

March  18 

4.4 

2.8 

1.6 

1.8 

14.50 

March  19 

4.5 

2.1 

2.4 

2.0 

15.00 

MnrchaO 

5,0 

3.0 

2.0 

1.0 

March  22 

5.1 

3.0 

2,1 

2,2 

15.50 

March  29 

5.4 

3.8 

1.6 

2.2 

17.00 

Tables  12  and  13  show  the  curve  of  serum  protein  regeneration  on  a 
"  mixed  diet."  By  this  term  we  mean  a  diet  of  table  scraps  including 
bones,  meat,  bread  scraps,  potatoes,  rice,  etc.,  given  in  liberal  amounts 
once  per  day.  Such  a  diet  of  course  is  rich  in  a  variety  of  proteins. 
Table  12  records  the  serum  protein  fluctuations  in  an  experiment  in 
which  the  plasma  depletion  was  considerable  and  the  shock  very  se- 
vere. Two  exchanges  were  performed  each  of  500  cc,  which  was 
slightly  more  than  the  total  estimated  blood  volume.  Such  large  ex- 
-changes  are  always  associated  with  shock  and  often  with  fatal  shock. 
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This  dog  showed  profound  shock  and  had  not  recovered  the  next  day 
when  blood-stained  feces  were  passed.  The  depletion  of  the  blood 
plasma  proteins  ie  not  as  great  as  attained  by  a  series  of  smaller  ble«>d> 
ings  but  the  figures  arc  relatively  low.  In  spite  of  the  profound  shork, 
the  regeneration  of  total  proteins  during  the  first  twenty-four  hours 
amounts  to  a  little  more  than  1  per  cent.     The  regeneration  may  be 
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was  in  excellent  condition  at  the  end  of  the  experiment.  In  spite  of 
the  great  difference  in  the  general  condition  of  the  two  dogs  (tables 
12  and  13}  the  amount  of  aerum  protein  regeneration  during  the  first 
twenty-four  hours  following  the  plasmapharesis  is  identical.  It  will  be 
noted  that  this  figure  is  constant  in  most  of  the  experiments  re^dless 
of  shock  or  its  absence  or  abundant  food  or  fasting.    It  seems  that 

TABLE  U 

Dog  16-106.    Regeneration  of  serum  jtroteins.    Mixed  diet 


BIBIIU  rHOTIlm 

vnOBT 

""■ 

3 

t 
1 

i 

-a 

1 

11 

miMAUS 

ISI6 

February  16.. . 

Spefimeii  1.  . 

Specimen  3.  - 

February  17..  . 

February  18., , 

February  19... 
February  20... 
February  21 . , . 
February  22... 
February  23.,  , 
February  24... 
February  26... 

per. 

6,0 
3.1 
2.0 

3.2 

3,5 

4.4 
4,5 
49 
6,5 
4,8 
5-4 
5.1 

5.4 
1.3 
1.5 

2.0 

2,9 

3.6 

2.9 
2,0 
3,8 
26 
3,3 
3.4 

5*^ 

0.6 
IS 
0,5 

1.2 

0.6 

0.8 
1.6 
2,9 
1.7 

2.2 
2.1 
1.7 

2.0 
2,8 
30 

2  5 

2.8 

2,1 
2.2 
1,9 
1,8 
1.8 
1.5 
20 

14.00 

13.75 

14,25 

14,50 
15.00 

volume  472  cc.  Two  bleed- 
ings, each  or  500  cc.  R.  B.  C. 
for  first  injection  obtained  on 
day  previous  from  another  ani- 
mal and  suspended  in  Locke- 
aeacia  solution 

Dog  drowsy— passed  some  bloody 
urine  and  bloody  stool.  Does 
not  eat.    Temperature  38.7° 

Dog  more  active.  Eating.  Some 
suppuration  of  neck  wound 

Mixed  diet— dog  normal 

this  must  be  an  emergency  reaction  and  represents  the  supreme  effort  on 
the  part  of  the  body. 

Table  14  shows  an  experiment  which  is  complicat<>d  by  infection  and 
suppuration.  The  globulins  show  a  considerable  ri?r  al  the  expense  of 
the  albumins.  These  flurtuations  occur  while  thr  curve  of  total  pro- 
tein regeneration  follows  a  slow  upward  tren'l.  Thcrr  seems  to  be 
more  delay  in  this experiiront  than  usual  in  untnivjiliciiteii  experiments 


Digitized  by  VjOOQIC 


374 


W.  J.  KERB,  8.  H.  HCltWm  AND  Q.  H.  WHIPPLE 


with  iQuced  diet.  We  have  other  observations  to  indicate  that  a 
severe  infection  will  tend  to  slow  up  the  speed  of  regeneration.  It 
U  not  certain  whether  this  delay  may  not  be  explained  at  least  tn  part 
by  impaired  appetite  and  digestion.  The  primary  depletion  was  to  an 
eictremely  low  level  as  can  be  seen  by  comparison  with  other  experi- 
ments.   We  find  that  1  per  cent  is  about  the  lowest  figure  obtainable 

TABLE  u 
Dog  17-69.     Rtgnfration  of  ttrum  protritu.     Uizrd  ditt 


...».««„„ 

wnamr 

»„. 

1 

1 

1 

1 

U 

(= 

^ 

1= 

^ 

I9IT 

^     1     PH- 

^ 

^ 

pm.mi. 

JuiuAry  20,  30. 

53 

29 

24 

2  4 

15  00 

BM  75  cc.  into  7.3  ee.  10  p«r 
rent  Hodiuin  citrate  aolutioa 

JuucrT  31 

15.00 

Pla»mapKaTt»i»:  Eatinu>t«d  blood 

32 

1  2 

20 

28 

volume    510   cc.    Fin    bleed- 

Rp«imeD  2. . 

27 

1  8 

o.g 

33 

inica  from  85  to  160  ee.  «m1i. 

23     IS 

OS 

34 

Total  710  te.    Reinj«et*d  8SS 

HptN-imen  4. . 

1  S  .  1,0 

Of! 

3  4 

rp.   in   Lorke-a«aciA  •olution. 

Ble«dinf9  totaled  144  per  rent 

of  blood  volume. 

Rptvimeo  S- . 

14 

04 

1  0 

3« 

15  50 

Relumed  to  raiie  in  Rood  con- 
dilion 

Februuy     1      . 

2i 

1  2 

1  3 

32 

15  50 

Aninul  active.    Mixed  di«l 

FAruMTy    2  ... 

3  7 

1  2 

2  5 

25 

Wound  in  nerk  ■liRhllj'  Mplic 

Febnimry    3     , 

36 

1  7 

1  g 

29 

Neck  wpCic 

Febn»»ry     4   , 

2  1 

38 

Lipemic  senini 

Fpbn»«ry    5  . . 

3.7  1  2  4 

1  3 

2  7 

Wound  healinR 

Fpbruary    6  . , 

4  4  .  1  S 

2(1 

2  4 

Februiry    7  . 

4  1      2  0 

t  5 

2  4 

Wound  O.K. 

Ftbru»r>-    S 

40     3  5 

15     2  2 

14  30 

February  12 

S  1  .  4  4  1  0  7  1  2  4  i  14  2.-> 

Exprriment  dtdronlinued 

by  plAHnia  depletion.  It  w^iiio  that  1  per  rent  twrum  protein  is  an 
abnotute  minimum  Itrlow  which  the  Inxly  relln  cannot  survive.  Many 
dogs  will  show  fatal  nhock  iK-fore  the  tuTum  proteins  are  reduced  ewn 
to  2  per  cent  and  there  is  murh  individtial  variation  in  resistance  to  the 
shock  of  pla-omapharesiii.  ThiH  dog  re()uirtKl  twelve  days  to  regenerate 
appniximately  to  normal.     Tlie  coiiipliratinft  amputation  was  due  to  a 
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thrombua  probably  the  result  of  infection  and  trauma.  The  animal 
waa  sacrificed  at  the  end  of  the  experiment  and  autopsy  reyealed  do 
abnormalities  except  those  described. 

Table  15  shows  an  uncompUoated  experiment  with  serum  protein 
regeneration  following  a  moderate  depletion,  the  dog  being  on  a  liberal 
bread  and  milk  diet.    There  was  no  severe  shock  and  no  infection, 


TABLE  i< 
Dog  18-117.     Regeneration  of  ser. 


Mixed  diet 


«™p 

— 

WBIOBT 

1 

i 

■a 

h 

1 

14 

H 

z 

^ 

PT 

SH 

Zt 

r»nJ. 

fl.4 

fi.O 

0,4 

2.1 

15.50 

3.fi 

S.2 

0.7 

2.4 

2.9 

0.5 

3.0 

2.3 

0.2 

3.4 

1.4 

0.3 

4.1 

1.1 

0 

4.3 

IS.Si 

2.4 

0.9. 

3.0 

2.6 

i.a 

I.a 

2.8 

3.0 

1.3 

1.7 

3.0 

15. « 

3.3 

1.6 

1.7 

2.5 

3,fi 

2fl 

1.2 

2.0 

14.50 

3.3 

1.0 

2,3 

2.1 

3.R 

1.5 

2.3 

2.0 

13. 6( 

3.6 

0.6 

3.0 

2.0 

14. 0( 

4.2 

2.4 

1,8 

18 

5.4 

1,5 

3.» 

1.8 

14.00 

im 

March  8 

Specimen  1. . . 

Specimen  2. . . 

Specimen  3. . . 

Specimen  4. . . 

Specimen  6. . . 

March   9 

March  10 

March  11 

March  12 

March  13 

March  14 

March  15 

March  16 

March  17 

March  20 

PlatmapkaTtsis:  Eatimated  blood 
volume  S2S  ce.  Five  bleed- 
ings 135  cc.  each.  Total 
amount  of  blood  removed  675 
cc.  Reinjected  750  cc.  ToUl 
protein  reduced  83  per  cent 

Animal  drowsy;  oedema  of  left 
foreleg 

Eats  little 

Dog    ill.      Temperature    40.0'. 
Moist  gangrene  of  left  foreleg 
Amputation  of  left  foreleg 

Dog  active.    Eats  well 
Abscess  on  back 
Abscess  incised 

Dog  active.  Elata.  Abecees 
wound  granulating 


yet  we  note  on  several  days  a  definite  increase  of  globulins  at  the  ex- 
pense of  the  albumins.  The  curve  of  total  protein  regeneration  is  uni- 
form but  the  speed  of  regeneration  is  not  as  great  as  upon  a  meat 
diet.  This  table  also  gives  figures  to  indicate  a  moderate  rise  in  the 
blood  ooo-protein  nitrogen  during  the  various  stages  of  the  plasma 
depletion.    Such  changes  are  much  more  marked  when  there  is  severe 
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clinical  shock  which  is  associated  nith  coosiderable  breakdown  of  body 
protein  (see  preceding  paper). 


Dog  16-IU.     Rrgrntratio 


Brtad  and  milk  ditf 


....- 

,«««. 
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! 
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1 

1 

1 

i 

me 

March  22 

Specimen  1- . 

Specimen  3. 

M-rch  a         . 

M»rrh  24 

M«rch  -.■7 
Mnrrh  It. 
M»rrh  Jfl 
April       1 
April       3 

« 1 

4  0 
3.1 

2« 
37 

3  0 

45 
46 
45 

4  0 
A  0 

5  2 

3,6 

2.7 

1  6 
22 
23 

■2  n 

2  6 
2  0 
1  11 
1  7 
■2  1 
30 

mm 
2  6 

1  3 
I  B 
04 
12 

1.3 

1  9 
26 

2  0 

3  2 
2  0 

ami 

2  7 
28 

2  g 

3,0 

2  3 

2  2 
1  8 
20 

i» 

«,.„ 

.«.^ 

P»ni* 

16  00 

drawn  000  cc.    Reinjecl«d  600 

Blood  N,  P,  N-itronen  37  mRm.. 

urea  28  m|pn. 
Blood  N,  P.  N,  38  mum.,  um  > 

mitm. 
Blood  N,  P.  S.  46m|[m..ure*27 

lAOO 
16  00 

EtoKwtive.    Wound  in  wood  con- 
dition 
Bread  and  milk  400  ttratiM 
Bread  and  milk  100  Rramc 

16  00^  Bread  and  milk  300  icramt 

15  75'  Very  active 
I  lA  00|  Bread  and  milk  500  p-aroa 
I  15  50!  Bread  and  mitk  450  Rram 
I  10  00 


niHCt'SHION' 

It  if  of  inten-ftt  t«  recall  (he  fact  thai  the  IxKly  rcjtcncratci*  its  trll 
proliipliiim  with  the  name  liifficulty  nml  il«'lay  TollowinK  cell  injur>'. 
Thi»  •.tatcnient  applivx  particularly  I<>  tlic  pBn>nchytiisloii»i  orKunti.  ah 
Ihc  liver  and  kidney.  Whipple  and  Spcrry  fl)  have  nhown  thai  the 
liver  injiireil  by  ehlomfimn  will  repair  the  daniait'Hl  ivll  pntloplaam 
within  w'ven  t<i  ten  diiv:*.  (le]N>ndinK  ii[Hm  the  ne^-erity  of  the  oriRinaJ 
(■ell  iicH-ntfiH.  .Mr.  I>avin  in  thio  lalxiralory  in  invesiipiiinK  the  curw 
of  the  liver  cell  rejp-nemtion  and  finds  certain  poinia  of  mmilarity 
Ix'twit-n  the  iian'iK'hytiiH  regeiH'raiion  and  the  bl(»€id  wrum  protein 


Digitized  by  VjOOQIC 


REGENERATION  OF  BLOOD  PROTEINS  377 

regeDeratioD.  It  may  well  be  that  the  protein  for  the  parenchyma 
cell  or  for  the  blood  plafina  may  require  similar  construction  periode 
and  building  material  It  may  be  that  the  blood  protein  construction 
may  depend  upon  the  activity  of  the  cell  protoplasm.  It  is  possible  that 
all  protein  material  may  be  built  up  part  way  aUke,  to  be  difiereutiated 
in  the  last  stage  of  the  complete  elaboration. 

We  wish  to  point  out  the  fact  that  after  the  initial  depletion  of 
serum  proteins  the  body  can  almost  always  regenerate  1  per  cent 
total  protein  during  the  first  twenty-four  hours  following  the  plasma* 
pharesis.  This  figure  is  remarkably  constant  and  does  not  seem  to  be 
influenced  by  diet  or  fasting.  The  amount  of  shock  does  not  appear 
to  influence  it  because  it  may  be  the  same  in  two  experiments  one  of 
which  is  associated  with  grave  shock  (table  12)  and  the  other  with  a 
minimum  amount  of  shock  (table  13).  We  may  perhaps  look  upon  this 
as  the  maximum  effort  of  the  body  to  replace  these  essential  serum  pro- 
teins, an  effort  which  surely  depends  upon  the  body  protein  as  it  is 
present  in  fasting  experiments.  It  will  be  the  same  whether  there  is 
a  marked  breakdown  of  host  protein  as  evidenced  by  great  increase  in 
urinary  nitrc^en  or  whether  this  tissue  autolysis  is  minimal. 


Regeneration  of  serum  proteins  is  more  rapid  and  complete  upon  a 
meat  or  mixed  diet  as  compared  with  fasting  experiments  see  (fig.  1). 

The  same  regeneration  does  not  appear  to  be  as  rapid  upon  a  bread 
and  milk  diet  as  upon  a  meat  diet. 

Following  the  plasma  depletion  there  is  an  average  regeneration  of  1 
per  cent  total  serum  proteins  within  the  next  twenty-four  hours.  This 
is  a  uniform  emergency  reaction  on  the  part  of  the  body  and  is  inde- 
pendent of  food,  shock  or  infection.  It  probably  represents  the  abso- 
lute maximum  production  under  the  greatest  stimulus  and  perhaps 
represents  a  throwing  in  of  emergency  reserve  material. 

The  body  has  the  same  difiiculty  in  regenerating  its  serum  proteins, 
as  it  does  in  the  construction  of  cell  protein — for  example,  the  repair  of 
liver  protoplasm 'following  a  chloroform  necrosis. 

Regeneration  of  serum  protein  after  a  50  per  cent  depletion  on  a  meat 
diet  may  be  effected  in  five  to  seven  days. 

Regeneration  of  liver  cell  protoplasm  after  a  50  per  cent  necrosis 
may  be  effected  in'  five  to  seven  days.  This  is  an  interesting  parallel 
which  may  have  some  significance. 
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The  body  cannot  tolerate  a  reduction  of  its  total  serum  prpt^  from 
an  average  of  5  per  cent  to  the  low  level  of  1  per  cent.  Iliis  is  prac- 
tically always  associated  with  fatal  shock  which  may  supervene  long 
before  the  minimum  figure  of  1  per  cent  has  been  attained. 

BIBLIOGRAPHY 
(1)  WBtprLB  AMD  Speut:  iohna  Hopkina  Hoap.  Bull.,  1909,  xx,  278. 
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III.  Liver  Injury  Alone:  Liver  Injury  and  Plasma  Depletion: 
The  Eck  Fibtula  Combiner  with  Plasua  Depletion 

WM,  J.  KERR,'  S,  H.  HURWITZ  and  G.  H.  WHIPPLE 

from  Ike  George  Witliams  Hooper  Foundation  for  Medical  Research,  Universily  of 

California  Medical  School,  San  Francisco 

Received  for  publicatioD  October  21,  1918 

The  two  preceding  communications  make  it  clear  that  the  body  can 
regenerate  its  serum  proteins  more  rapidly  and  completely  upon  a  full 
diet  than  during  a  fasting  period.  At  best  this  reaction  is  alu^isb 
even  under  the  most  intense  stimulus  and  requires  several  days  (see 
fig.  1). 

We  wish  to  submit  experiments  to  show  that  liver  injury  tends  to 
lessen  the  amount  of  circulating  blood  serum  proteins  and  the  pres- 
ence of  liver  injury  tends  to  retard  the  regeneration  of  serum  proteins 
after  an  initial  plasma  depletion.  Furthermore  the  Eck  fistula  liver 
appears  to  regenerate  blood  serum  proteins  more  slowly  than  the  nor- 
mal or  even  the  injured  liver.  The  Eck  fistula  liver  is  smaller  than 
normal,  always  presents  evidence  of  degeneration  (fat)  and  gives  a 
subnormal  functional  test  with  tetrachlorphthalein  (1). 

It  is  to  be  recalled  that  the  widest  fluctuation  in  fibrinogen,  which 
is  an  important  plasma  protein,  will  occur  in  parallel  relationship  to 
liver  injury  produced  by  chloroform  or  phosphorus  (2).  It  is  very 
easy  to  cause  a  wide  dissociation  between  the  curves  of  fibrinogen  and 
of  serum  proteins.  For  example,  a  fatal  chloroform  poisoning  will  re- 
duce the  fibrinogen  from  0.5  per  cent  to  almost  zero,  but  this  may 
cause  only  a  moderate  fall  in  serum  proteins  of  2  per  cent,  perhaps 
from  the  normal  level  of  5  per  cent  to  3  per  cent  the  day  before  death. 

The  fibrinogen  is  a  very  labile  substance  which  seems  to  react  to 
abnormal  conditions  with  great  speed  and  can  be  produced  in  an  emer- 
gency in  large  amounts;  for  example,  the  fibrinogen  can  be  completely 

'  Wm.  J,  Kerr.  Sheldon  TravelinR  Fellow  in  Research  Medicine,  1918-1917, 
Harvard  Ur.iveraity,  Cambridge,  MasBachusetta. 
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washed  out  of  the  blood  but  it  will  promptly  return  in  a  few  lioura 
(3,  4).  The  importance  of  this  reaction  in  relation  to  hemorrhage  is 
obvious  as  the  fibrinogen  forms  the  tdugh  body  of  all  blood  clots. 

We  have  seen  that  the  serum  proteins  are  more  stable  subetances 
which  cannot  be  regenerated  in  any  short  period  of  time.  These  pro- 
teins cannot  be  removed  in  any  large  amoimt  without  causing  fatal 
shock,  yet  the  serum  proteins  have  some  features  in  common  with  the 
plasma  protein  fibrinogen.  There  is  some  evidence  in  this  paper  to 
indicate  an  important  relationship  between  the  serum  proteins  onfl 
the  liver,  just  as  has  been  established  in  the  csHe  of  fibrinogen.  It  i» 
not  too  much  to  assume  that  the  liver  may  be  concerned  in  the  pro- 
duction of  serum  protein  and  the  maintenance  of  these  vitally  important 
fluid  proteins  at  a  normal  level  in  the  hlo<Hl. 

It  is  possible  to  make  a  graphic  comparison  of  the  eur\'ett  of  M-nim 
protein  regeneration  slb  influenced  by  diet.t.  starvation  and  liver  in- 
jury (see  fig.  1).  The  cur\'e  of  liver  injur>'  in  the  average  of  thn-e  ex- 
periments similar  to  table  23  with  the  use  of  chloroform  or  phofphnnu 
to  cause  liver  necroMiM. 

The  melho<ls  have  all  be<>n  dcBcribed  in  the  first  papers  of  this  series. 
Exp(>rimental  conditions  were  identical  with  those  previously  described. 

EXPERIMENTAL  OBSERVATIONS 

Tables  20,  21  and  22  may  Im-  consiilered  as  a  group.  The  normal 
level  of  the  serum  proteins  is  somewliat  influencetl  bj'  a  fatal  phos- 
phorus [Mtisoning,  perhaps  more  than  appears  at  first  sight.  Table 
20  shows  an  experiment  in  which  a  normal  dog  was  given  almut  one- 
half  a  lethal  dose  of  phosphorus  disHolvecl  in  oil  subcutaneously.  The 
dog  gave  no  clinical  reaction  but  there  was  a  stighl  fall  in  the  cur^r 
of  sc-mni  proteins.  One  week  ialer  the  dog  wss  given  a  lethal  d<w  of 
phosphoniK  which  was  fatal  in  thn-e  <lnys.  Tliere  was  a  cimsideralile 
full  in  the  blood  nenim  pn)teins  hut  we  must  not  forget  that  (his  fall  is 
pniliably  gn-iiler  than  the  figures  imlicnte.  Dogs  {loisimed  with  phos- 
phonis  vomit  a  gtsxi  deal,  show  ccmcentmttil  urine,  have  a  tendency 
1(1  hemorrhage  and  show  a  bltMxl  heiimlocrit  iniliniling  a  rtlnlivr  in- 
crfjiw  in  nil  n-Iis.  All  this  jxiints  to  a  liecn'ii.se  in  1)1o<hI* volume  at  the 
exjieiise  of  the  pla.snia  fraction  aii<i  this  nicuiis  a  fiiU  in  the  total  urum 
pTutiiiix  of  the  ImkIv.  tmin-  than  Is  inilieitteil  by  an  analysis  of  a  unit 
H|M'('inien  of  sennii. 

The  liver  of  fatal  phos|thi)nis  poivuning  iiceiN  no  dctaiUnl  de^-rip* 
tion.     It  is  large  nnil  <ibvi<nisly  fiitiy.  s|M'rkrd  wiih  i-cchymiiM-s.     The 
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microscope  shows  many  necrotic  liver  cells  but  especially  a  marked 
fatty  degeneration  of  the  cell  protoplasm  in  every  liver  lobule. 

Table  21  shows  the  result  of  a  lethal  dose  of  phosphorus  which 
killed  the  dog  in  five  days.    There  ia  a  progressive  fall  in  total  serum 

TABLE  30 

Dog  I7-It6,    Phofpkorxu  poiioning.    Serum  proteini.    Mixed  diet, 


....«,»««« 

w.„„ 

.„. 

1 

i 

11 

1 

1 

„..^ 

H 

^ 

mr 

5S 

^ 

cml 

rtr 

)>o»»l. 

March  10 

5.0 

2.8 

2.2 

1.7 

12  «S 

March  12 

4  9 

2.5 

2.4 

1.8 

12.88 

phosphorus  in  oil  per  pound 
body  weight 

March  13 

4.5 

2.2 

2.3 

1.7 

12.75 

March  14 

3« 

2.9 

2,1 

1  7 

12  25 

March  15 

4.8 

3.0 

1,8 

1  R 

March  16 

4  9 

29 

20 

1  9 

March  17 

4,7 

2.5 

2.2 

1.9 

12,50 

No  evidence  of  phoaphorus  poi- 
Boning 

March  19 

4.9 

2.9 

3.0 

1.6 

11.88 

Given  subcutaneoualy  11  mgm. 
phoaphorus  in  oil  per  pound 
body  weight 

March  21.. 

4.9 

2.9 

2  0 

1.9 

12,00 

Serum  bile-stained.  Fibrinolytic 
test  faintly  poxitive.  Not  eat- 
ing.    Vomiting 

March  22 

a, 8 

2,0 

1.8 

1.6 

11.75 

Distinctly  sick.  Not  eatmg. 
Vomiting,  Plasma  wine-col- 
ored. Clot  does  not  form  after 
several  hours.  Animal  gradu- 
ally failed  and  died  in  p.m. 
Liver  necrosis  and  fat  with 
multiple  hemorrhages 

proteins  with  the  advance  of  the  clinical  symptoms  of  intoxication. 
The  fibrinogen  in  both  dogs  was  practically  absent  in  the  blood  on  the 
day  before  death.  This  explains  the  general  hemorrhagic  tendency  and 
purpura.  The  blood  obtained  post-mortem  gives  a  high  protein  read- 
ing but  this  has  no  significance  because  so  many  factors  cannot  be 
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determined.    There  is  usually  much  blood  conccnlratioD  under  sucn 
conditione  and  loss  of  fluid  to  the  liwuefi. 

Table  22  gives  the  result:"  of  a  mild  chloroform  poisoning  which  in- 
fluences only  slightly  the  level  of  blood  serum  proteins.  The  data  of 
this  table  are  to  Ix-  compare*!  with  those  in  the  two  following  tables 

TABLE  II 
Dog  tT-ttS.     Phiitphiirut  ptiitonitig.     Srrum  prolrin*.     \liird  dirt 


March  17. 
March  IS 


„™, 

«,T..« 

■uon 

1  14 

\ 

"-"" 

n 

3  7 

4  K 

A  A 
3  S 

5  S 

A  5 

3  4 

2  6 

■2  3 

0  fl'Ti 

3  A 

•i  3 

2  3 

2  1 

3  2 
2  4 

23 

2  2 

2  1 

a  2 

3  9 

2  0 

11  50 

12  00 
It  13 

10  75 

Givrn  11  mpn.  phoKphoruii  in 
oil  Hubrutsnpounly  per  pound 
tKHiy  WFJitht 

Not  catinR.  VomitinR.  Srrum 
bill-tinned 

Not  rntinft.  VomitinR.  V»t- 
puric  npotn  on  neck.  Krrum 
drrply  bilp-linRcd.  ('naRuta- 
tion  lime  dclnyrd- 

VomilinR.  Not  rniinR.  Pur- 
pura incrcAi>inR.  DiffirutI  lo 
binil.  Scrum  dr^ply  Nlr- 
ntnindl.  Sorum  diUitwi  fur 
rmilinRX.  ('i>aRulnli(>n  time 
drUvo.1 

IValh  durinR  niRhl.  Multiple 
hcniorrliHRni,  IJvrr  ncrmif 
Sppcimpn  Inkpn  Uunt  hcarl'* 

mahoRBny-rnl     rot<ir.       IVwi 
nol  rlol 

when-  (he  rhlon>f4irm  injure'  is  coiiibineil  with  a  plitsnia  depletion.  It 
will  Im'  noted  (tulile  22)  tlinl  the  fall  in  total  wruin  proteins  iN-ginM  on 
the  xei-oiKl  day  after  the  cMoroform  anaesthesia  and  continues  tluring 
the  next  three  or  four  ilays  during  which  |>eriod  we  know  that  the 
liver  rtMHiir  is  mimt  active.     It  can  )k-  ei-tiniateit  fnim  all  data  at  Itand 
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that  this  chloroform  anaesthesia  (qt  one  and  one-half  hour  did  oot 
cause  more  than  one-third  necrosis  of  each  liver  lobule.  Furthermore, 
we  kaow  that  such  injuries  can  be  repaired  to  normal  in  five  to  seven 
days.  It  will  be  observed  that  the  dog  was  in  excellent  condition  and 
gained  weight  during  this  period  of  repair.  The  notes  on  the  diet  were 
lost  but  it  is  practically  certain  that  the  dog  was  on  a  mixed  diet. 

Tables  23  and  24  are  to  be  compared  as  the  first  shows  the  effects 
of  a  mild  chloroform  poisoning  and  the  second  of  a  more  severe 
chloroform  poisoning  combined  with  a  plasma  depletion.    Table  23 


Dogie-S.    Chioro) 

TABLE  M 

orm  poitoning.    Serum  proisins 

...<»»OT.,N. 

™«„ 

•>"' 

3 

! 

i 

-a 

11 

. 

miHAUB 

May    1 

otnl 

6.1 
5.5 

5.9 
50 

4,7 
4.6 
4.4 
4.9 
4.9 

5.e 

6.3 

5.5 

cxil 

4.5 
3.2 

4.3 

2.6 
2.7 
2.7 
1,8 
3,3 
2.6 
2.8 
2.9 
2,6 

(Ml 

1.6 
2,3 

1.6 
2.4 
2.0 
1.9 
2,6 
2,6 
2.3 
2.8 
2,4 
2.9 

2,0 

2,1 

2.4 
2,1 
2,3 
2.2 
2,6 
2.7 
2.8 
2.2 
2,7 
2,1 

3S,25 
40.13 

Mixed  diet  (7) 

Well  takeo 

also  is  to  be  compared  with  table  6  in  the  first  paper  of  this  series  which 
shows  the  result  of  a  preceding  plasms  depletion  done  upon  this  same 
dog  with  metabolism  figures.  This  preceding  experiment  was  associ- 
ated with  severe  shock  and  the  curve  of  nitrogen  metabolism  with  and 
without  the  chloroform  necrosis  is  very  similar.  .  We  may  assume  that 
the  amount  of  liver  injury  {1  hour  anaesthesia)  in  table  23  was  very 
slight  or  that  the  severe  shock  of  table  6  caused  as  much  disturbance 
in  the  animal  as  did  the  chloroform  poisoning — the  increase  in  nitrogen 
elimination  being  about  the  same.     The  influence  in  any  case  is  not 
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very  evident  in  the  curve  of  oenim  protein  rfRrneration.     When  thp 
dog  is  placed  on  a  meat  <liet  the  curve  rises  promptly  to  normal. 
TABLE  n 
Dog  17-IK.     Piwma  lUplrlion.     Chhm/orm  nerroiii.     Regenrraiion  of  ttritm 


M>y  2 
Specimen  I. 
Specimen  2. 
Specimen  3. 
Specimen  4. 
S[>ec  imen  b. . 


May    .. 

May  4. 
May  5. 
May    6. 

May  7- 
May  8 
May  B. 
May  10. 
May  II 
May  12 
Mnv  13. 
Mbv  14. 
May  lA 
May  lit 
May  17 


i  i 
II IJ 


2  12  2 

2  12  6 

2  2  J2  7 

2  S   2  I 

2  7    2  5 

3  0   2  7 


12  44 

II  KM 
II  (Ml   • 

11  m 
II  3h| 
Il.i:)| 
10  94 


Bled  NO  cc.  intoSer.  «(10 
per   cent    citrate   milu- 
lion 
I'loKmaphart/i  / :  Keti- 

maleU  blnud  volume  litS 
ec.  Four  lilmline' 
from  70  to  130  ee.  e.-irh 
Tolal  .■>05  cc.  -  109  (ler 
cent  of  bltxiii  volume. 
Heinjected  700  ce.  in 
Locke-aracia  nrtlulion 
Chloroform     necrin'iii.  -I 

hour  liitht  10  ec.  uced 

Slifthl  hemolyiti*  of  aenim 

Scrum  all Rhiy  bile-alainad 

400  cr.  water  each  <l>v  by 

■tnmach  tul>e 


I,  Meat  diet  after  blredinn 

M  Lipcmic  nerum 

I 

I  S<Tum  HJiithdy  turbid 

I  Serum  xlifthlly  turbid 

;  S<'rum  sliRhlly  lurbid 


Talile  24  hnnfCK  out  wveral  pointH  of  intercft.  Tlie  plaxtna  deple- 
tion wax  to  a  mtxlcrntf'ly  low  level  but  not  as'ux-ialocl  with  severv 
Bhork.     More  rhlonifurm  wim  kIvi-o  U>  thin  doK  ihnn  to  the  <log  in  the 
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prece<ling  experiment  (table  23)  and  the  presence  of  coloring  matter 
in  the  serum  for  four  daya  indicates  a  considerable  amount  of  liver  in- 
jury.    The  dog  was  clinically  disturbed  on  the  day  after  the  anaesthesia 

TABLE  21 

Dog  17-186.    Plaima  depletion.    CUoroform  neerosii.     Regeneration  of  serum 


w„.„ 

""■ 

1 

1 

if 

i 

si 

1 

•""— 

ISI7 

cent 
5.7 

5.5 

4.2 
3.9 
3.3 
2,1 
3.0 

2.9 

3.0 
3.0 
4.0 
2.9 
4,2 
3.6 
4.2 

3.4 

3,0 

3.4 

3.4 

2.5 
2.9 
2,0 
0,9 

1,9 

1.3 

1.4 
0  9 

2,2 
0,8 
2,4 
10 

2.4 

2,0 
0,8 

2.3 

2  1 
17 
10 
1,3 
1.2 
1-1 

16 

16 
2  1 

1.8 
2,1 
18 
2.6 
1.8 

1,4 

2.2 

1.7 

2.0 
2.0 
2.2 
2.4 
2,8 
3.1 

2,8 

3.0 
2.6 
2.3 
3  1 
2.6 
2.9 
3.1 

3.9 

3.4 

21  00 

20-88 

20.88 

19.75 

19.00 

19.75 
10.00 
18.25 

18.13 

Bled  200  cc.  into  20  cc.  10  per 

volume  713  cc.  in  4  bleedings 
from  130  to  200  cc.  each  or  98 
per    cent    of    blood    volume. 
Reinjected  910  cc. 

Light  chloroform  anaesthesia  for 
1  hour.  15  cc.  chloroform  used. 

Serum  normal  color 
Animal  pick.     Drinks  only  small 
amount    of   milk.     Serum    ca- 
nary-yellow color  (bile) 

Serum  slightly  bile-tinged 
Serum  slightly  tinged 

April  18 
Speciines  1... 

Specimen  3.  . 
Specimen  4.. 
Specimen  5. . . 

Animal  quiet.  Discharge  from 
eyes  and  nose.     Distemper 

Animal  distinctly  sick.  Distem- 
per.   Serum  clear 

Found  dead.    Broncho-pDeumo- 
nia.     Liver  necroais 

and  refused  food,  which  indicated  considerable  intoxication.  There  is 
ft  loss  of  weight  in  spite  of  the  fact  that  the  dog  had  access  to  food 
in  the  ce^.    The  amount  of  food  eaten  is  not  known  but  the  dog  had 
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bread  and  milk  in  the  cage  and  evidently  at«  some  of  it  aa  can  be 
estimated  from  the  weight  curve. 

The  curve  of  serum  proteins  shows  a  slow  riae  toward  nonnal  fol- 
lower! by  a  terminal  fall  during  the  two  days  before  death  which  waa 
due  to  distemper.  Autopsy  showed  lungs  involved  with  broncho- 
pneumonia, cdemfi  and  congestion.  Liver  shows  necrosis  in  the  center 
of  each  lobule.  The  central  three-fifths  of  each  liver  lobule  is  very 
fatty  and  full  of  large  vacuolated  liver  cells,  some  fresh  fibrin  and 
leucocytes  of  all  types.  The  marginal  two-fifths  of  the  liver  lobule  is 
more  nearly  normal.  The  repair  of  this  liver  necrosis  is  much  de- 
layed and  abortive.  Ten  days  elapsed  since  the  chloroform  injury  and 
liver  necrosis  of  this  amount  should  be  completely  repaired  within  five 
to  eight  days  un<ler  usual  conditions.  The  great  delay  in  liver  repair 
was  due  in  part  to  the  intoncation  and  loss  of  appetite  as  well  as  to 
the  intercurrent  infection  (dintemper).  The  reaction  on  the  curve 
of  blood  senim  r^teneration  is  not  very  profound  when  we  consider  the 
injury  done  the  liver,  the  small  food  intake  and  the  fatal  outcome. 

Table  25  is  to  be  c<inipare<l  with  the  two  preceding  tables  where  the 
injury  is  due  to  chlonifonn.  The  type  of  reaction  is  similar  and  the 
rcACtion  to  the  liver  injury  of  phosphorus  is  quite  definite.  We  are 
fortunat4>  in  l)cing  able  to  refer  to  other  experiments  upon  this  sanw 
dog  (tables  4  and  5  in  the  first  paper  of  this  series)  where  the  cur\'e  of 
regeneration  has  iNf-n  influenced  by  fainting.  The  influence  of  phos- 
phorus poiwming  is  a  little  more  marked  than  the  long  period  of  fasting. 
During  the  phosphorus  experiment  the  dog  was  on  a  lil>era]  mixed  diet 
but  lost  some  weight  and  showed  a  few  symptoms  of  intoxication. 
This  dog  received  almut  Iwo-thinls  of  a  lethal  dose  of  phosphonis. 
Also  refer  to  another  exp<'riiiient  U|M>n  Ihin  same  dog  (table  11).  The 
regeneration  curve  of  serum  proteins  is  influenced  by  a  meat  diet  and 
this  experiment  gives  a  perfert  control  to  table  25. 

Tables  26  and  27  are  to  t»e  c«msidere<l  together  as  the  experiments 
are  similar  and  the  rexults  practically  i<)<'ntical.  The  Vkk  fistula 
operations  wore  perfonnwl  some  time  Ix-fore  the  plasnut  depletion  aa 
indicat4il  in  each  table.  The  operaticm  conniMts  in  an  anastximoi^M 
lietween  the  portal  vein  and  the  vena  cava  by  means  of  sftecial  rlam|M 
and  a  ligatifm  of  the  [xirlnl  vein  alxtve  the  aiia.xlonuRtis. 

Table  20  givf!<  the  figure-*  of  a  vcn,-  »ucii'N-<fuI  e<[|M-riment  in  which 
the  platirna  depletion  wh»  eitrried  out  With  a  tiiinirnuin  amount  of  shock. 
FnlliiwinK  this  exclmnKe  the  dog  wiin  in  exrillitit  condition  and  main- 
tainct)  the  umiid  weiicht  curves.     It  uill  Ix-  Mt-n  that  there  is  acajrely 
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any  regeneration  of  serum  proteins  during  the  three  days  following  the 
plasmapharesis,  in  spite  of  a  liberal  diet  and  a  relatively  sUght  plasma 
depletion.    In  a  normal  dog  under  similar  conditions  the  regenera- 


Oog  le-liO.     Platma  depleh 


Regeneration  0/  m 
poiBOnijig 


n  proleint.     Phospkorui 


1917 

April    2 

April    3 


Specimen  1. 
Specimen  2. 
Specimen  3. 
Specimen  4. 
Specimen  5. 
Specimen  6. 

April    6 

April    7 

April    9 

April  10 

April  11 

April  13 

April  U 

•April  16 

April  17 

April  18 

April  19 

April  20 


Mixed  diet 

Bled  ISO  cc.  into  20  cc.  10  per 
cent  aodium  citrate  solution 

Plagmapharesie:  Estimated  blood 
volume  S55  cc.  Bled  970  cc. 
in  5  bleedings  of  from  100  to 
210  cc.  Total  113  per  cent  of 
blood  volume.  Reinjected 
1100  cc.  Non-protein  nitro- 
gen (Kjeldahl)  28.1  mgm.  per 
100  cc.  blood 

At  11,00  &.m.  given  }  mgm. 
phosphorus  per  pound  body 
weight  subcutaneous ly  in  oil 

Slight  vomiting 

Leg  wound  doing  well 

No  evidence  of  pboephoruB  poi- 
soning 

Mixed  diet 


Cloudy  serum  (lipemia) 


Serum  slightly  turbid 
Experiment  discontinued 


tion  would  be  practically  complete  (compare  table  10  in  the  pre- 
ceding paper).  A  bile  fistula  was  performed  on  October  7  and  the 
<iog  died  on  November  16  from  typical  Eck  fistula  intoxication.     Au- 
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toptty  showed  that  the  Eck  fistula  was  widely  patent  but  the  lifcature 
on  (he  portal  vein  was  not  completely  occluding,  a  tiny  opening  per- 
si»tinff  at  this  place.  Some  portal  blood  could  gain  accotui  to  the 
liver  but  it  must  have  l>een  pmall  in  amount  and  did  not  prevent  the 
clog  from  developing  the  typiral  Eck  fistula  intoxication. 


l}oa  18-llS.     Erk  fiituU. 


TABLE M 

Plaumts  dtpUlion. 


Rtgrnfratitin  of  irrum  pmlt 


I9ie 

■Specimen  I. 
Specimen  2, 
S|>e<'imen  3. 
S|>M'unen  4. 


April    6. 

April    7. 

April  8 
April  9. 
April  10. 
April  II. 
April  12. 
April  13. 
April  M. 
April  15 
April  17. 
April  X. 
April  24. 
May      1. 


.!.. 


f  I  2 


Eck  fistula  operation:  Fthrunrv 
■n.  Pla»maj>hart»i>,:  TiUdl 
blood  withdrawn  eiiee..  Kilal 
injerted,    700   rr.     Total    pn>- 

17. 8S  teinx  reduced  44  per  fent.  !■>- 
timated  exrhaniie  -  lOK  per 
rent  of  blood  volume 

IT.JOJ  Animal  in  good  condition. 
Wound  O.K. 

18  00  Animal  active.  Bread  and  milk 
diet 


Table  27  givet>  ntriking  reHultfl  and  xliowo  a  complete  altwnee  of 
m'nim  proU-in  regeneration  during  the  twenty-four  hours  after  the  ex- 
periment. The  initial  nhoek  of  the  pliu<maphan'itiH  wan  conxidenible 
in  Kpite  of  the  fart  that  tlic  pliiFunii  exchanKe  Hmnunted  to  only  .^9  per 
cent  of  the  estimated  IiIihmI  volume.    The  initial  I>1o<kI  Hcrum  readings 
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were  low  and  the  regeneration  of  serum  protein  very  alow.  The  dog 
was  on  a  liberal  diet  and  lost  no  weight.  On  June  28  the  dog  devel- 
oped the  typical  Eck  fistula  intoxication.  Autopsy  showed  a  patent 
Eck  fistula  and  the  ligature  on  the  portal  vein  completely  occluding  it. 
The  liver  showed  the  usual  atrophy  and  central  fatty  degeneration 
which  is  always  present  in  the  Eck  fistula  dog. 

Figure  1  gives  a  graphic  comparison  of  curves  which  represent  the 
blood  serum  regeneration  under  different  conditions.    Curve  D  is  the 


TABI£3T 

Dog  16-SS.    Eek  fistula  and  tplenectomy.    Platma  depUtio 


Regeneralio 


erum 

proteing 

■■SCM  rmOTUHB 

-„o„ 

»«■ 

i 

|i 

1 

111 

1916 

KM 

4,6 
4.1 
4  1 
3.4 

3.1 

3.7 
3.6 
3.8 
3.8 
4-1 
4-4 

2,2 
1.2 
1.5 
2.1 

1.2 

2.3 
1,1 
2  5 
2.5 
1.6 
1.2 

2,4 
2.9 
2.6 
1.3 

1.9 

1,4 
2.5 
1.3 
1.3 
2,5 
3.2 

f*iK 

2  3 
3.0 
2,2 
2.6 

2.1 

1,7 
2.0 
2.5 
2.2 
1.7 
1.9 

24  00 

23.25 

23,25 

22.25 

23.13 
23.63 

Eck  Sstula  operation  March  10. 
Splenectomy  March  23.  Plas- 
mapharesU:  Total  blood  with- 
drawn 600  cc.  R.  B.  C.  BUBpen- 
flion  iniected  600  cc.  Esti- 
mated exchange  -  73  per  cent 
of  blood  volume 

Animal  very  weak.  32  gm.  glu- 
cose by  stomach  tube 

Specimen  I.,. 

Specimen  3, , . 
Specimen  4. . . 

average  of  seven  experiments  showing  the  serum  protein  r^eneration 
on  a  meat  diet  or  a  full  mixed  diet.  Curve  S  represents  the  average  of 
five  experiment  with  fasting  periods  after  the  plasma  depletion.  Curve 
0  represents  the  average  of  three  experiments  in  which  the  liver  was  in- 
jured on  the  day  following  the  plasma  depletion  using  chloroform  or 
phosphorus.  This  curve  is  less  regular  because  there  are  fewer  ex- 
periments which  in  the  average  tend  to  smooth  out  minor  fluctuations. 
This  chart  brings  out  the  constant  regeneration  of  about  1  per  cent 
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total  protein  in  the  twenty-four  hours  followinft  the  experimental  pro- 
cedure of  pla«ma  depletion.  In  spite  of  food  intake  the  curve  of 
aerum  protein  regeneration  following  liver  injury  is  less  steep  than  the 
fasting  curve. 


DISCCSSION 

We  do  not  wish  to  low  ni^ht  of  the  fact  that  the  cur%-c  of  Ii1o<mI 
s«TUni  regeneration  is  not  profoundly  influenced  Ity  a  coincident  liver 
nwrosis  (tahh'  24)  ami  a  part  of  the  dlow  regeneration  oiay  lie  al- 
triliutttl  to  (he  Unr  fooH  iiilnkr  which  rexultH  from  the  livi-r  injur>-  and 
mn-NHiuciit  iiitoxicntion.  But  the  ntnciunt  of  r»t«Tve  power  of  the 
liver  must  not  l>e  di-in-Runled  in  this  compliciittHl  n>iiclion.  On  the 
other  hand  we  xhcmld  not  forget  the  fact  ihiit  the  scnim  pn>teins  fall 
aw  a  n'sull  of  fatal  liver  injury. 

A  ver\-  iin|Mirliint  point  too  if  that  the  Kck  fictula  liver  in  as«>ciale<l 
wilh  a  [H'culiar  cur\'c  of  I)I(hh)  M-nini  n-Kt-iii'rntion,  It  will  l>e  recallnl 
(fifC.  1)  that  practically  evcr>-  cxiHTinicnt  in  pLi-nia  ili'pU'tion  shows  a 
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rise  of  about  1  per  cent  during  the  twenty-four  hours  following  the 
plasma  removal.  This' indicates  perhaps  an  emei^ncy  production  or 
an  emergency  reserve  which  helps  bring  the  serum  proteins  back  to  a 
safe  level.  The  Eck  fistula  dog  does  not  show  this  1  per  cent  rise  after 
the  plasma  depletion  and  shows  a  slow  serum  protein  regeneration  in 
spite  of  a  generous  diet.  The  plasma  depletion  can  never  be  carried 
to  a  very  low  level  because  these  dogs  are  very  susceptible  to  the 
shock  of  this  procedure.  There  is  clearly  much  difficulty  in  serum  pro- 
tein regeneration  by  the  Eck  fistula  dog.  The  liver  of  the  Eck  fistula 
dog  is  known  to  be  insufficient  in  several  capacities.  These  Eck  fistula 
dogs  die  from  peculiar  intoxications  associated  with  convulsions  and  in 
spite  of  considerable  experimental  work,  the  correct  explanation  of  this 
intoxication  has  not  yet  been  advanced. 

Much  experimental  evidence  points  to  the  liver  as  being  concerned 
in  the  maintenance  of  a  normal  level  of  blood  serum  proteins.    The  . 
evidence  here  is  not  as  convincing  and  striking  as  is  the  case  in  the 
plasma  protein  fibrinogen  which  has  such  an  intimate  relationship  to 
fiver  injury  and  disappears  almost  completely  with  acute  liver  injury. 

This  all  tends  to  empha^ze  the  sl<^nlity  of  the  blood  serum  protein 
even  under  unusual  conditions.  We  rarely  find  much  fluctuation  in 
the  blood  senmi  protein  level  in  varying  conditions  of  health  or  disease. 

SUMMARY  ' 

Pronounced  injury  of  the  liver  by  means  of  phosphorus  or  chloroform 
will  cause,  or  at  least  be  associated  with,  a  moderate  fall  in  blood  serum 
proteins. 

Regeneration  of  blood  serum  proteins  following  a  plasma  depletion  is 
slow  at  best  but  will  be  delayed  by  the  presence  of  liver  injury  due  to 
phosphorus  or  chloroform. 

The  Eck  fistula  liver  is  smaller  than  normal  and  is  functionally  de- 
ficient in  some  respects.  Eck  fistula  dogs  show  a  distinct  inability  to 
regenerate  blood  serum  proteins  following  a  plasma  depletion.  The 
rapid  regeneration  of  the  first  twenty-four  hours  is  especially  lacking 
and  these  dogs  are  very  susceptible  to  the  shock  of  the  plasma  dilution. 

All  this  experimental  evidence  points  to  the  liver  as  concerned  in 
maintaining  the  normal  level  of  the  blood  serum  proteins. 

There  is  a  remarkable  stability  of  the  blood  serum  protein  level  in  widely 
varying  conditions  of  health  and  disease. 
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The  White  Leghorn  chick  has  been  used  by  a  number  of  scientists 
for  nutritional  experiments  with  varying  degrees  of  success.  That  the 
White  Leghorn  chicken  lends  itself  most  usefully  to  experimentation 
is  seen  by  the  fact  that,  being  a  very  highly  nervous  animal,  it  reacts 
quickly  to  any  change  of  nourishment  or  stimulation.  A  value  also 
■exists  in  that  the  Leghorn  breed  grows  rapidly,  reaching  maturity  in  less 
than  a  year.  There  are  certain  physical  symptoms  whi6h  are  readily 
recognized  as  being  caused  by  malnutrition  or  some  pathological  con- 
dition. Principal  among  these  visible  symptoms  are  the  appearance 
of  the  skin  on  the  abdomen,  the  condition  of  the  vent  and  the  anemic 
and  drooping  condition  of  the  comb  and  wattles,  which  show  only  a 
rudimentary  development  if  the  chick  does  not  receive  the  proper  food 
during  the  period  of  growth.  Each  of  the  above  named  conditions 
would,  in  all  probability,  point  to  some  disturbance  in  the  respiratory 
or  circulatory  systems  or  to  faulty  diet.  The  drooping  of  the  wings 
might  mean  chronic  or  acute  digestive  disorders,  in  the  latter  case  the 
wing-drooping  disappearing  in  a  few  hours.  For  these  and  other  reasons 
the  White  Leghorn  chick  has  been  of  great  service  in  this  laboratory, 
fulfilling  the  desired  conditions  of  experiments  now  in  progress. 

In  view  of  this  fact  it  seemed  moat  important  that  we  definitely 
establish  the  normal  curve  of  growth  of  this  breed  of  chickens,  so  that 
an  accurate  control  could  be  made  of  our  laboratory  experiments.  It 
would  naturally  follow  that  any  results  obtained  in  the  laboratory  ' 
which  showed  a  different  rate  of  growth  would  be  called  abnormal  and 
deductions  would  be  made  accordingly. 

'  The  autboFH  desire  to  express  their  appreciation  to  Prof.  J.  J.  Hooper  of  t  he 
Animal  Husbandry  Department  of  this  Station  for  generoualy  allowing  this  in- 
vestigation to  be  made  at  the  poultry  farm. 
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In  onler  to  cover  all  conditions  controlling  our  expcrimentfl  we  um<<1 
two  Iot«  of  puit^hred  White  L«Rliorn  chickens  which  had  come  fr^mi 
the  same  parent  ntock,  each  tot  composed  of  sixty  one-da>--o)<l  chirki*. 

I>it  I  was  raised  under  artificial  conditions  as  follows:  Two  hun- 
dred eiucH  were  hatched  in  an  incubator  and  from  the  chicks  olitainoi 
sixty  were  wicctetl  entirely  at  random  and  placed  in  a  bnxtder-house 
which  opened  into  a  grasK  space  containing  240  8<tuare  foel  of  wcll'SCNhlett 
earth.  Thew*-  chicks  receive<l  numt>ered  leg-hands  an<l  were  wfiichetl 
individually  the  day  foDowinf;  hatchinft  and  were  so  weiKhet)  cvcr>' 
week  thereafter,  on  a  torsion  balance  sensitive  to  0.1  icrani,  individual 
reconis  beinR  kept.  WTjcn  a  chick  diwl  front  any  cause  its  previous 
weigh  I -record  was  discarded!  so  that,  at  the  end  of  twenty-eight  weeks, 
wc  c(>mpile<i  our  rcsulls  from  the  individual  reconis  of  the  chicks  n-niain- 
ing  at  that  time.  This  was  done  in  onler  to  avoid  any  error  in  the 
average  weight  of  the  chicks  caused  by  a  p«»ssible  loss  in  weight  pn>vioiin 
to  death.  The  ration  used  was  the  stanilard  ("omell  ration  which  ir-  as 
follows,  the  chemical  analysis  lM<ing  of  the  particular  grain  niixlun-s  feil. 

lAit  2  was.raised  under  natural  conditions  as  follows:  Two  hundnnl 
White  Leghorn  chicks  fr<nn  the  same  parent  stock  as  lot  I  were  hatchitl 
under  hens  and  when  the  chicks  were  one  day  old,  sixty  were  «'lcctc<l 
at  random  and  place<l  imder  four  mother  hens,  In-ing  individually 
wcighiNl  at  that  time  and  w<H<kly  weighings  and  records  made  a.-  (if 
lot  I.  Tlie  chicks  wen>  rareil  for  by  the  mother  hens  and  allowwl  to 
nHiiii  at  will  during  the  day  over  a  large  grass  range  and  were  houw-il 
at  night  in  an  ordinarj'  coop.  No  sjM'cial  can'  was  given  them  other 
than  seeing  tliat  they  wen-  proj^'Hy  fed  and  waten*<l.  At  the  ag«'  iif  0 
wi-cks  they  were  weaned  from  the  mother  hens  and  were  plai-ed  in  a 
p<'n  condiining  an  appnipriate  c(Mip  and  with  acc<'ss  to  (iiie-iicn>  ningi-*. 
.\t  this  time  lot  1  was  n-movi-d  to  a  jM'n  having  eonilitioiis  in  ever>'  way 
similar  to  tlios<>  of  lot  2  the  fe4-<l  for  lot  2  being  the  siime  us  liutt  of 
lot  I.  As  s<sin  as  tn-ndiiig  Iwgan  the  cockerels  and  iiullels  wen-  «■!«- 
nili'<l  to  avoid  any  undue  exercise  on  the  part  of  tlie  |iultet.->.  which 
might  tituse  loss  of  weight.  The  mortality  records  of  the-4-  two  lotKof 
ehii-ks  w<-rc  ke]it  to  delennilie  the  vitrialinn  in  t)ie  vilnlity  whirh 
niiichi  Ik  -tinmlati-fl  by  the  fniiloin  and  niituriil  cure  itfTiinled  l>y  the 
mother  hen  during  early  growth. 
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OTBD  u  roLLOwa 

Pa  ant 

Mixture  1 

8  parts  rolled  oats 

Protein 

23.15 

Ito  5  days.     No.   1,   mois- 

8 parts  bread  crumbs 

Ether  extract  = 

5.30 

tened  with  sour  skimmed 

2   parts   sifted    beet- 

milk,  ted  five  timee  each 

scrap 

day.    Mixture  2  in  shal- 

1 part  bone  meal 

low  tray  containing  a 
little  of  No.3  (dry)  always 
betore  chicks,  tray  con- 
taining grit  and  charcoal. 
Sprouted  oats  once  each 
day 

Mixture  t 

3  parts  cracked  wheat 

Protein 

12.30 

6  days  to  2  weeks.    No.  2 

2  parts  cracked  com 

Ether  extract  - 

4.50 

in  litter  twice  a  day.    No. 

1  part  pin  head  oatmeal 

3,  moistened  with  aour 
skimmed  mUk,  fed  three 
times  a  day.  No.  3  (dry) 
always  available 

Mixture  S 

2  parts  wheat  bran 

Protein 

27.30 

2  to  3  weeka.    As  shown 

3  partfl  corn  meal 

Ether  extract  - 

6.20 

above    except    that    the 

3  parts   wheat   mid- 

moist mash  ia  given  twice 

dling 

a  day 

3    parts    beet    scrap 

(best  grade) 

1  part  bone  meal 

Mixture  i 

3  parts  wheat  (whole) 

Protein 

12.20 

4  to  6  weeks.    Moist  mash 

3  parts  cracked  corn 

Ether  extract  - 

4.10 

once  a  day;  mixture  4  in 

1  part  hulled  oats 

litter  twice  a  day;  dry 
mash  alwaya  available 

Mixture  5 

3  parts  wheat 

Protein 

11.30 

6  weeks  to  maturity.    Noa. 

3  parts  cracked  com 

Ether  extract  - 

2.80 

3  and  5  hopper-fed.  One 
meal  a  day  of  mobt  mash 

Fine  grit,  charooal,  oyster  shdl  and  water  were  provided  from  the  start. 
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The  following  table  gives  the  average  weekly  weighu  of  the  chiclu 
that  remained  at  the  close  of  this  experiment  and  also  the  weekly 
mortality  records  of  the  entire  lots. 

TABLE  1 
Artragt  ireighUi  and  morlalilg  rrcorda  of  While  Lefjhom  ehirkt 


April  18 ' 

May    2 ' 

May    9 I 

May  in 

May  23 | 

May  :» 

Junf   8 

June  13 

June  17 ; 

July    * 

Julv  II I 

July  18 ' 

.  July  W i 

AuKuni     1.. 

AuKiixt  8.. 

A.i|[<>xt  1.-,  . 
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Au(t..-I  ?!»  , 


'-rsxS'- 
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ATm*w*<afatol       i 
1  tbttk-i 

tor 

P^ 

ll« 

-»k 

t^t-P-lWu      «« 

H" 

42  1 

41  1 

41  6 

60 

42  : 

40  9 

41  A 

00 

T2-2 

m  2 

70  7 

55 

76  8, 

75  2 

7«0, 

54 

109  7 

tt5ft 

102  6 

53 

108  2 

101  3 

104  7i 

.^4 

161  4 

140  » 

151   1 

53 

151  2{ 

1450 

148  1 

.>4 

■m  fl 

191  7 

211  6 

53 

209  5    lOH  3 

203  9' 

M 

■m-i 

248  K 

270  5 

53 

28.1  8 

262  4 

273  1 

.^3 

;im  » 

2HN  » 

.■K4  fi 

52 

374  2 

328  0 

351  1; 

.53 

44'J  K 

3H  4 

398  6 

52 

437  8 

38.16 

412  2; 

53 

49«  ft 

.TIB  ft 

446  2 

52 

580  a 

490  7 

.VW  6, 

52 

537  « 

40B1> 

473  7 

51 

AI6  A 

552  tl  584  4, 

51 

«.T0  » 

488  7 

.V>9  8 

48 

729  2,  648  »  AMI  0 

51 

674  4 

.'>fl6  4 

5'JO  4 

48 
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.'■0 
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62-.'  L 
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48 
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50 
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48 
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at 
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48 
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M 

IMU  4 

717  3 
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48 
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.'Ul 
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7M)  n 
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48 

I1A7..T   'XIS  3ia-.2  8 

M 
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841  8 
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48 
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M 

::>i  7 
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48 
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M 

m;  -.i 
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47 
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M 
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47 
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M 

;{•«  7 
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47 
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M 
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47 
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M 
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47 
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47 
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M 
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ri 
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M 
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W.*\  : 

I.e.'.  1 

4:1 
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M 
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12 
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M 

From  Ihr  rori-sniniz  1hI>1<-  ami  tlu-  gni|>)if«  it  will  l>e  M-i'n  timl  the 
avi-niec  WfiKht  nf  «iiii-ii(iy-iilii  White  l^'ichi.rn  c'hickn  in  4I.«  gramii 
mill  hUi  that  llw  avcniK*-  itxkcrcl  i«  1.1.1  uraiii  or  2.K  |»*t  rent  iM^avitr 
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than  the  female  of  similar  age.  The  superiority  in  the  weight  of  the 
cockerels  continueB  throughout  the  growing  period.  Further,  it  is 
seen  that  at  the  end  of  twenty-eight  weeks  the  average  ohiok,  allowed 
the  freedom  and  care  of  a  mother  hen,  develops  a  vitality  which  mani- 
fests itself  in  allowing  those  chicks  to  become  240.3  grams  heavier 
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Fig.  1.  Chart  showing  the  aonnal  rate  of  grovth  and  i 
brooder  raised  (lot  1)  and  hen  raised  (lot  2)  chicks. 


ortality  records  of 


than  those  raised  under  artificial  conditions  as  described.  This  is  also 
borne  out  by  the  mortality  figures.  Elach  lot  started  with  sixty  chicks 
and  at  the  end  of  twenty-eight  weeks  ten  had  died  from  some  un- 
known and  unavoidable  causes  in  the  hen-raised  lot  as  against  eighteen 
deaths  in  the  artificially  raised  lot. 
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Finally,  from  our  rcAulta  we  feel  justified  in  drawing  the  following 
conclusions: 

The  rate  of  growth  of  White  L^hom  chicks,  as  shown  by  the  gnpti 
and  tabulation  presented  herein,  closely  approximates  the  normals 

The  vitality  of  hen-raised  chicks  is  superior  to  that  of  artificially 
raised  chicks,  as  shown  by  weight  and  mortality. 

That  phj-sical  conditions  governing  the  first  few  weeks  of  growth 
markedly  affect  the  vitality  of  the  chick,  which  is  manifest  during  the 
entire  period  of  growth. 
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la  a  previous  report  (1)  we  have  shown  that  in  the  rabbit  the  sub- 
cutaneous injection  of  secretin  brings  about  a  considerable  increase 
in  the  number  of  red  and  white  corpusclea  in  the  blood  stream  by 
directly  stimulating  the  production  of  new  cells.    Baylias  and  Starling 

(2)  in  their  original  investigation  of  the  pancreatic  mechanism  demon- 
strated the  presence  of  secretin  in  the  intestine  of  the  rabbit  as  well  as 
in  that  of  man,  the  cat,  dog  and  other  animals,  and  concluded  that  it 
is  an  identical  substance  in  all  the  vertebrata.  According  to  the 
hypothesis  of  these  authors  and  the  actual  demonstration  of  Wertheimer 

(3)  secretin  is  carried  in  the  blood  during  digestion  and  should  then 
be  at  least  as  potent  a  stimulus  to  blood  cell  formation  as  when  experi- 
mentally introduced  into  the  circulation.  The  examination  of  the 
peripheral  blood  during  digestion,  therefore,  ought  to  reveal  a  change 
in  the  corpuscle  content  comparable  with  our  experimental  findings, 
i.e.,  an  increase  in  the  nimiber  of  erythrocytes  and  leucocytes  per 
unit  volume. 

The  first  work  in  this  connection  appears  to  have  been  done  by 
Moleschott  (4)  in  1854.  He  found  an  increase  in  the  proportion  of 
white  corpuscles  to  erythrocytes  which  was  particularly  marked  if  the 
diet  was  rich  in  protein  food.  Hofmeister  (5)  in  1887  called  attention 
to  the  "cellular  richness"  of  the  adenoid  tissue  of  the  intestinal  wall 
during  digestion  on  a  meat  diet  and  Pohl  (6)  went  on  to  show  that  an 
increase  in  the  number  of  white  corpuscles  in  the  circulating  blood 
appears  early  in  digestion  and  persists  for  several  hours.  Goodall, 
Gulland  and  Paton  (7)  and  Gulland  and  Paton  (8)  went  into  this 
subject  in  greatest  detail  and  found  in  dogs  that  the  maximum  leuco- 
cyte count  occurs  three  to  four  hours  after  a  meal.    They  also  showed 
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thin  to  be  chiefly  due  to  a  very  constant  increane  in  the  nunilier  of 
Ij-mphorytefl,  contributed  to  much  loss  reRulariy  by  a  relative  increaw 
in  the  polymorphonuclear  cells.  They  further  demonnlrated  (hat  the 
source  of  the  leucocytosis  is  entirely,  or  almost  entirely,  the  bone  mar- 
row in  which  they  found  an  increased  rate  of  production  of  white  cor- 
pUM-lot*  durinfc  diftcfition. 

Much  fewer  are  the  reported  observations  upon  the  cr>'throcyte!i 
during  diKestion.  Pohl  (6)  found  a  slifcht  diminution  in  their  numlier, 
but  he  made  very  few  determinations  and  did  not  follow  the  count 
through  the  entire  period  of  difcestion  in  any  case.  Buntzen  and 
Siirensen  (9)  reported  an  increase  of  8  to  25  per  cent  antl  .\n€lre««en 
(10)  a  decrease  of  5  to  12  per  cent  in  the  numlwr  of  er>-lhrocyte8  per 
unit  volume  of  blood  in  difcextion.  In  extimationn  made  l)efore  and 
after  feodinfi  Ooodall,  Oulland  and  Paton  (7)  found  no  chanjte  in  the 
percentafte  of  haemoKlobin. 

Kftllmark  (II)  in  fasting  experiments  on  rabbits  found  a  xliidit  fall- 
ing off  in  the  total  leucocyte  count  during  the  fast  and,  as  the  mo«t 
marked  change  in  the  differential  count,  a  relative  diminution  of  the 
lymphocytes.  Vrlien  the  animals  were  again  fed  the  total  leucocyte 
count  and  the  relative  proportion  of  l>Tnphocyte»  both  increased 
above  the  original  level.  If  the  rabbits  were  allowed  plenty  of  water 
he  noted  no  change  in  the  number  of  pi^'throcytes.  According  to 
Cabot  (12)  "food  calls  forth  a  greater  leucocytosis  in  proportion  as  it 
is  a  novelty  to  the  stomach."  Kogern  (13)  and  Swirski  (14)  in  their 
work  on  the  hunger  contractions  of  the  rabbit's  stomach  found  that. 
even  if  the  rabbits  were  put  in  a  wire-bottome<i  cage,  when  all  food 
was  withheld  they  would  eat  their  excreta  and  their  stomachs  would 
remain  continuously  partly  fille<l;  but  if  the  animal's  head  was  suitably 
fastened,  the  stomach  completely  emptitnl  itself  in  altout  (wenly-four 
hours.  Therefore,  the  slight  changes  o(>ser\-ed  by  Kiillmark'may 
possibly  be  explained  by  his  apparent  failure  to  insure  a  total  fai'l  in 
his  rabbits  in  some  such  manner. 

We  have  l>een  unable  to  find  any  record  of  blooil  counts  during  diges- 
tion in  rabbits  which  have  l>een  made  to  endure  a  total  fast.  In  view 
of  this  fact  it  se4-me<l  worth  while  to  undertake  such  an  investigation 
of  the  n-<)  and  white  corpuneles. 

For  this  purpose  apparently  normal  rabbits  were  seleetei)  and  plam) 
in  a  nmtrivance  which  might  l>e  aptly  desrri)>ed  at  a  pillory*.  This 
conniHi^t)  of  a  l)ox  partitione^l  into  two  rompiirtnients.  The  partition 
was  in  two  halves,  an  upp<'r  and  a  lower,  in  each  of  which  was  a  rounded 
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opening.  These  together  made  an  ovoid  aperture  through  which 
passed  the  neck  of  the  rabbit.  When  in  use  the  rabbit's  head  projected 
on  one  side  of  the  partition  while  his  body  was  on  the  other  side.  With 
the  animal  thus  fixed  an  absolute  fast  was  readily  maintained.  Each 
rabbit  was  kept  in  this  box  forty  to  forty-four  hours  without  food  but 
was'given  as  much  water  ae  it  would  drink. 

At  the  end  of  the  fasting  period  both  the  red  and  white  corpuscles 
were  counted.  The  animal  was  then  released  and  put  into  a  cage 
where  it  had  free  access  to  food  and  water.  The  food  in  every  case 
consisted  of  green  cabbage  and  oats.  The  rabbit  always  began  eating 
at  once  and  ate  more  or  less  continuously  all  day.  Erythrocyte  and 
leucocyte  counts  were  made  hourly  for  the  six  hours  following  the  begin- 
ning of  the  feeding.  As  in  our  previous  work  the  blood  was  obtained 
from  the  ear  of  the  rabbit.  The  diluting  Quids  used  were  0.5  per  cent 
acetic  acid  for  the  white  corpuscles  and  physiological  saUne  solution 
for  the  red  corpuscles.  The  counts  were  made  in  the  usual  manner 
with  the  Thoma-Zeiss  apparatus. 

We  have  made  in  all  ten  determinations,  the  results  of  which  are 
summarized  in  tables  1  and  2.  These  show  an  average  increase  of 
76.78  per  cent  in  the  white  corpuscles  and  of  18.65  per  cent  in  the  red 
corpuscles.  The  maximum  leucocyte  count  occurred '3.2  hours,  and 
the  maximum  erythrocyte  count  1.9  hours  after  the  feeding  started. 

To  what  extent  are  these  changes  in  the  corpuscle  content  of  the 
blood  during  digestion  in  the  rabbit  comparable  with  the  effect  of  the 
experimental  administration  of  secretin?  The  subcutaneous  injection 
of  1  cc.  of  secretin  solution  (10  mgm.  of  a  dried  acid  extract)  per  kilo- 
gram of  body  weight  is  capable  of  causing  in  the  rabbit  an  incretise  in 
the  red  corpuscles  per  unit  volume  of  blood  of  17.07  per  cent,  appearing 
in  50  minutes  and  persisting  63.33  minutes.  The  same  dose  will  bring 
about  an  increase  in  the  white  corpuscles  per  unit  volume  of  44.2  per 
cent,  appearing  in  51  minutes  and  persisting  78.5  minutes  (15).  This 
experimental  effect  of  secretin  is  less,  appears  more  quickly  and  per- 
sists for  a  shorter  time  than  the  findings  in  digestion  noted  above. 
Assuming  that  secretin  is  responsible  for  the  latter  one  would  expect 
such  differences.  Our  experimental  solution  must  necessarily  be  less 
active  than  the  secretin  entering  the  blood  during  digestion ;  a  certain 
delay  must  ensue  after  the  feeding  starts  before  food  begins  to  leave 
the  stomach  and  secretin  to  be  formed;  also  the  formation  of  secretin 
and  its  entrance  into  the  circulation  is  presumably  continuous  though 
not  uniform  throughout  digestion  once  the  process  is  started. 
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Afl  mentioned  above  Gulland  and  Paton  (8)  detemuDed  that  the 
source  of  the  digestion  leucocytoais  is  an  increaaed  rate  of  production 
of  white  coTpuBcles  by  the  bone  mairow.    We  have  demoDRtimted 
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(1)  that  Mt'n-tin  art4>  by  din-ctly  KtiinulatinK  the  production  of  tmth 
n-<i  and  whiti-  contuHclcx  by  ihr  Imidc  marrow.  May  it  nut  W  that  tho 
incntiw^l  arlivily  of  the  txine  niatrow  in  diKCHtion  in  the  n-i^ult  of  the 
diroct  Htiiiiulnting  aiiidii  of  MTn-tiii? 
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Additional  evidence  of  the  change  in  the  corpuscle  content  of  the 
blood  during  digestion  being  due  to  eecFetin  is  afforded  by  the  differ- 
ential leucocyte  count.  The  findings  of  Goodall,  Gulland  and  Paton 
(7)  and  of  KtUhnark  (11)  indicate  that,  while  the  change  in  the  leuco- 
cyte count  during  digestion  is  participated  in  by  all  the  varieties  of 
white  cells,  the  greatest  increase  occiu«  in  the  lymphocytes.  We 
have  previously  reported  (16)  the  differential  leucocyte  count  after 
the  administration  of  secretin  as  compared  to  the  normal;  there  also, 
while  all  forms  are  increased  in  number,  the  lymphocytes  show  the 
greatest  relative  increase. 

CONCLUSIONS 

1.  During  digestion  there  occurs  an  increase  in  the  number  of  both 
the  red  and  white  corpuscles  per  unit  volume  of  blood. 

2.  These  changes  are  comparable  with  the  effects  produced  by  the 
experimental  administration  of  secretin. 

3.  The  source  of  the  increased  corpuscle  content  of  the  blood  both 
in  digestion  and  after  the  administration  of  secretin  is  an  increased 
rate  of  production  of  new  cells  by  the  bone  marrow. 

4.  The  similarity  between  the  differential  leucocyte  counte  in  diges- 
tion and  after  the  administration  of  secretin  is  additional  evideoce  of 
secretin  being  the  cause  of  the  increase  in  the  .number  of  corpuscles 
during  digestion. 
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Thp  numerous  attempts  made  to  determine  by  physioloicira]  an<I 
psyrholofcical  tests  whether  (here  is  a  monthly  cycle  in  the  life-proc- 
cKses  of  women  have  failed  to  give  definite  positive  results,  except  as 
concerns  the  slight  constant  variations  in  pulse  and  temperature  ut^ 
nerved  by  many  workers  (1).  Recent  metabolism  experiments  add 
further  evidence  against  the  old  theory  of  a  rhythmical  movement  for 
they  show  that  there  is  no  pronounced  periodic  variation  in  the  meulv 
olism  of  either  nitrogen,  phosphorus  or  calcium  (2).  (3).  (4). 

The  rise  in  t<*mpeniture  immediately  preceding  and  accompanying 
the  onset  of  menstruation  may  account  for  the  feeling  of  discomfort-- 
a  certain  amount  of  irritability  and  mental  depression — which  is  fre- 
quently felt  by  normal  women  not  trouble*!  by  dysmenorrhea.  Yet  it 
seems  possible  that  there  may  be  some  variation  in  the  tone  of  the 
ner\'e  centers. 

With  the  hope  of  throwing  light  on  the  question,  at  Doctor  Howell's 
nuggextion,  I  made  a  series  of  observations  on  a  group  of  young  women, 
using  the  knee-jerk  as  the  physiological  index  of  tonus.  It  is  well 
rccognicc<l  that  the  extent  of  the  knee-jerk  depends  on  the  activity  of 
the  ner\'e  centers,  increasing  or  diminishing  by  whatever  increases  or 
diminishes  the  tone  of  the  central  nervous  system  (.5),  (6),  (7),  (8). 
Further  the  reflex  is  easily  and  constantly  elicited  from  practically  all 
normal  individuals.  An  experiment  in  which  amplitude  alone  is 
employed  a^  an  index  of  variation  suffers  under  certain  disadvantages 
for.  nx  I/onibanl,  B<Mlwitch  and  Warren  anil  others  have  shown,  althou|^ 
the  amplitude  is  in  general  proportional  to  the  Mow,  various  interest- 
ing and  oliM-ure  conditions  may  cauw  remarkable  variations  l7i,  i9i. 
I><Klge  <('))  warns  especially  agalnxt  uning  amplitude  "as  an  indicator  of 
the  variations  of  any  one  st-lected  factor."  It  was  c<msidere<l.  how- 
ever, that  averages  of  a  iHrge  nuitdier  of  reiuliiigs  taken  over  |XTi<Mls  of 
sevend  wwks  might  W  at  Icni't  suggestive  of  general  tendencies. 
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METHOD  AND  OBSERVATION 

The  apparatus  employed  was  that  used  for  classroom  demonstrations 
at  the  Johns  Hopkins  Medical  School.  It  was  so  arranged  with  pulleys 
and  weights  that  a  cord  attached  to  the  heel  pulled  a  pointer  by  which 
the  extent  of  the  kick  was  recorded  on  a  kymc^;raph.  The  taps  were 
administered  by  an  electrical  hammer.  The  technique,  to  be  sure, 
was  far  from  ideal  but  the  conditions  of  the  experiment  were  kept  as 
constant  as  possible.  For  each  individual  the  observation  hour,  the 
weight  pulled  and  the  arc  through  which  the  hammer  fell  were  the 
same.  From  ten  to  fifteen  contractions  were  recorded  each  day  at 
regular  intervals,  th€  height  measured  in  milliiaeters  and  the  average 
taken.  While  the  records  were  being  made  the  subject  closed  her 
eyes  and  was  asked  to  think  of  something  definitely  apart  from  the 
experiment.  Although  it  became  a  matter  of  routine,  no  doubt  such 
things  as  a  desire  to  be  through  with  the  experiment  or  disquiet  re- 
garding a  coming  class  or  exaqiination  sometimes  acted  as  a  modifying 
influence. 

Fourteen  young  women,  coU^e  students  and  instructors,  served  aa 
subjects.  The  ages  ranged  from  eighteen  to  thirty-four  years.  They 
were  in  normal  health  and  the  menstrual  periods  caused  no  interruption 
in  their  regular  college  duties.  Of  the  fourteen,  five  were  finally  dis- 
carded— one  because  of  a  systematic  failure  to  give  a  response  sufficiently 
strong  to  be  accurately  recorded,  two  others  were  so  sensitive  that  the 
slightest  tap  caused  a  kick  often  too  extensive  to  be  registered  with  the 
apparatus  used,  while  in  the  other  two  interruptions  in  the  records  at 
critical  periods  unfortunately  decreased  their  value.  On  the  other 
hand  one  subject  (I)  served  as  subject  for  three  different  periods,  sev- 
eral months  intervening  between  each;  another  (VI)  at  two  periods 
with  a  four  months  interval ;  while  in  a  third  (IX)  two  years  intervened 
between  the  observations.  The  records  of  these  nine  women  included 
from  one  to  four  menstrual  periods — thirty-three  in  all,  their  duration 
varying  from  four  to  seven  days.  The  four  days  preceding  and  follow- 
ing the  period  have  been  uniformly  considered  as  the  pre-  and  post- 
menstrual  int«rvals  and  the  remaining  days  of  the  cycle  as  the  inter- 
menstrual phase. 

Both  morning  and  afternoon  records  were  made  from  three  subjects 
with  the  same  general  results  but  since  those  taken  in  the  morning 
tended  to  be  more  regular,  only  a  morning  hour  was  adopted  for  the 
others  of  the  group.    The  amplitude  of  the  contractions  for  an  obser- 
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vatioD  period  always  varied — sometimes  as  much  as  from  60  to  70  mm. 
— though  in  general  the  tendency  would  be  for  all  to  be  either  hi^  or 
low.  Unaccountable  changes  naturally  occur  in  the  averages  from  day 
to  day,  for  example  taking  a  few  successive  days  from  the  record  of  an 
intermenstrual  period  the  averages  in  millimetere  are  85,  93,  106,53, 
33,  35,  19.  Curves  were  plotted  from  the  daily  records  of  each  subject 
but  the  mathematical  curves  with  fewer  irregularities  were  more  easily  ' 
interpreted.  Figure  1  gives  such  for  subject  II;  above  the  daily 
record  a  summary  of  the  days  of  eiwh  phase  is  given. 

A  consideration  of  the  data  for  each  individual  has  led  to  the  prepa- 
ration  of  the  following  summaries. 

In  subject  I  a  rise  occurs  during  four  of  the  menstrual  perioda,  de- 
pression precedes  the  onset  and  follows  the  cessation.  In  the  other 
three  the  maximum  increase  does  not  appear  until  the  postmenstrual 
phase. 

In  subject  It  two  complete  cycles  were  covered,  a  third  cycle  lacketl 
the  premenstrual  and  a  fourth,  the  postmenstrual  phase.  In  each  in- 
stance a  premenstrual  rise  is  followed  by  a  period  of  depression  (6g.  1). 

Two  cycles  in  xubject  III  show  a  premenstrual  depression  and  a  rine 
during  the  perio<l  but  in  a  third  the  maximum  is  not«ttained  until  ils 
ceKi^ation. 

The  record  of  IV  shows  nothing  r^ular  or  signi&cant  except  a  slight 
deprrsfion  during  the  two  menstrual  periods  followed  in  one  by  a  rise 
and  in  the  other  by  continued  depresHion.  ' 

In  subject  V  a  marked  menstrual  rise  is  preceded  and  followed  by 
depretwion  in  the  one  cycle  covered. 

Hie  record  of  VI,  including  almost  five  cycles,  failed  to  give  con- 
slant  or  significant  results. 

In  Vlt  the  one  outstanding  point  was  the  definite  rise  immediately 
following  the  r<>w<ation  of  the  two  ppritMls. 

A  premenstrual  rise  is  followed  in  VIII  by  a  gradual  decline  which 
continues  into  the  postmenstrual  phase. 

The  first  wricn  of  oljscrvations  on  IX,  including  four  cycles,  show 
nothing  of  itignificance  but  in  a  wc4>nd  sericti  a  premenxtrual  rise  pre- 
ce<li'«  thnn-  pcritxls  and  in  a  fourth  a  sli);ht  increase  accompanies  it. 

The  general  trcnil  of  the  cur\'eM  of  these  nine  subjects  may  l)o  more 
ri'iiilily  coniiMired  by  exntnining  figure  2,  in  which  for  each  the  avcr- 
RfLi-*  <if  the  otiservationn  iriHile  during  all  the  days  of  the  premenstrual, 
nien-tniiil.  iMi^liiieii.-Inial  anil  inlemii-nstnial  phniH.'X  are  shown. 
SuriiiiiiiriziDK  the  iilxtve  n->ult''     a  HKnitir.-uit  rhaiiice  in  the  aniplitu<le 
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of  the  knee-jerk  is  shown  in  twenty-three  instfiQces,  occurring  in 
eight  individuals.  Eleven  of  these  show  a  menstrual  rise,  six  a  rise 
immediately  preceding  the  onset  and  eix  a  rise  at  its  close.  Ten  periods 
in  four  individuals  show  practically  no  change.  In  some  instances  a 
period  of  decided  depression  precedes  the  menstrual  onset  and  in  the 
majority  of  cases  depression  again  occurs  after  the  high  point  is 
reached,  the  tendency  then  being  to  approach  an  intermenBtnial  aver- 
age which  falls  between  the  two  extremes. 

CONCLUSION 

If  the  knee-jerk  may  be  taken  as  a  physiological  index  of  the  tone 
of  the  nerve  centers,  the  evidence  points  in  the  direction  of  the  follow- 
ing conclusions — that  there  is  a  period  of  hyperexcitability  immediately 
preceding,  accompanying  or  following  menstruation  and  that  there  is 
then  a  tendency  toward  a  fall  and  an  approach  to  an  intennenstrual 
average. 
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[To  be  inserted  between  pp.  148  and  440,  Vol.  xliv.] 

Page  449,  line  20,  for  "-?5 •'  read  "*„  X  ap.  ht." 

0.825  .  wt.  -^        •' 

line  23,  the  equation  ehould  read,  1.3  X  10-*  X  .S3  =  U.  X  10-'  cal. 
line  26,  the  equation  ahould  read,  9.2  X  10"*  X  .83  -  7.6  X  10"'  cal. 
Page  450,  the  upper  equation  should  read,  1.2  X  lO-'  X  .83  -  9.9  X  10-'  cal. 

In  the  second  equation  for  "4.8"  read "11.2,"  and  for  "1.3"  read "3.0." 
In  the  second  line  above  the  italiciEed  paragraph  for  "1.55"  read  "3.6," 
and  for  "4.2"  read  "9.8;"  in  the  paragraph  itself  for  "0.155"  read 
"0.36,"  for  "0.042"  read  ",098." 
In  the  seventh  line  from  the  bottom  for  "a  gratifying  agreement  with" 
read,  "a  number  nearly  one-half  of". 
Page  451,  line  1,  for  "ten",  read  "four", 
line  9,  delete  entire  paragraph. 
Pago  452,  line  8,  for  "0.00048"  read  "00.10." 
line  10,  for  "0.165"  read  ".36." 
tine  12,  for  "4.2"  read  "9.8." 


ERRATA 
|To  he  inserted  between  pp.  158  and  159,  Vol.  xlvii } 
Page  169,  line  15,  for  "0.0007"  read  ".0018," 
Page  160,  line  4,  for  the  sentence  beginning  here  read,  "The  heat  produced  was 

.83  X  .00156,  or  .0013  calorie  per  gram  ventricle." 
Pagel63,  line  19,  for  "0.00048. 0.00052 and 0.00073",  read  ".0011,  .0013  and  .0018." 
line  21,  for  "0.00062"  read,  ".00155" 
line  30,  for  "1.3"  and  "1.67"  read  "3.2"  and  "4.5." 
Page  164,  last  line,  for  "well  within"  read  "nearer  the  greater  of." 
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GENBBAL  AND    INTRODUCTORY 

The  object  of  this  research  is  to  gain  more  data  on  the  aignifieanoe 
of  electrical  deflections*  of  living  tissue. 

The  work  here  reported  represents  data  obtained  from  exporimentB 
on  the  submaziUary  gland  of  the  dog.  The  choice  of  the  submaxillary 
gland  for  an  object  of  study  is  obvious.  In  the  first  place,  it  is  a  small 
c<Hapact  mass  of  tissue  lying  near  the  surface  and  easily  dissected.  It 
has  two  sets  of  nerves  differing  considerably  in  function,  likewise  easily 
accessible.  The  volume-flow  of  blood  may  be  contralled  mechaoically 
and  by  nerve  stimulation  and  this  flow  measured.  Electrodes  can  be 
easily  and  more  or  less  imiformly  applied.  The  work  of  the  gland  may 
be  quantitatively  controlled  and  measured.  These  advantages  have 
appealed  to  many  for  study  of  phenomena  in  living  tissue  and  consa- 
quently  there  is  a  very  considerable  Uterature  on  the  physiology  of 
the  salivary  glands  at  our  disposal.  This  is  of  no  small  importance 
as  regards  the  interpretation  of  such  a  variable  factor  as  electrical 
deflections. 

'  Reported  before  the  American  Phyeiologica)  Society  1916  and  1917.  Pro- 
eeediop  in  this  Journal,  1917,  xlii,  591  and  1918,  xIt,  559. 

■  The  term  electrical  deflection  ia  preferred  to  that  of  electrical  variation. 
The  term  electrical  variation  will  be  employed  only  to  describe  variationa  in 
electrical  deflectionH. 

411 
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Id  reading  the  literature*  od  electrical  physiology  of  gUodular  struc- 
tures one  is  impressed  with  the  variabiUty  of  deflections  obtained  ev«n 
when  the  tissues  presumably  are  activated  and  treated  in  the  same 
manoer.  The  difficulty  of  explaining  these  variations,  particularly 
the  complete  reversal  of  deflections,  has  been  encountered  by  many. 
TTnforttmately  in  the  study  of  electrical  physiology  of  glandular  struc- 
tures the  graphic  method  has  been  little  employed.  Visual  observa- 
tions of  the  deflections  of  the  galvanometer  sufficed  to  supply  the  data. 
A  trial  of  this  method  demonstrated  the  difficulty  of  gaining  a  clear 
picture  of  the  electrical  deflections,  let  alone  the  time  relation  of  ayo- 
chronouB  phoKHnena  in  the  gland.  Therefore  it  seemed  important 
to  UM  a  graphic  and  continuous  method  with  which  every  deflection 
in  the  courae  of  an  experiment  con 
be  recorded.  The  use  of  the  photo- 
graphic method  with  the  string  gal- 
vanometer as  employed  by  Schaeffer, 
and  with  the  d'Arsonval  galvanom- 
eter as  developed  by  Cannon,  were 
considered  but  the  synchronous  (riio- 
tograidking  of  chorda  stimulation, 
B!  .  rv-  ■  /  _  J-  T-  of  sympathetic  stimulation,  of  secre- 
tiou  of  .  d'A«onT»l  K»lvuoaet<r  ^°^<  volume-flow  of  blood  and  elec- 
oa  unokMl  paper.  ^1,  •Udtng  Urget  trical  deflections  seemett  too  cum- 
for  followitic  the  refleoted  filament;  bers<Kne  and  difficult.  In  addition, 
B,  guide  for  tlidini  Uriet;  C.  wind-    if  a  large  number  of  experimenUote 

!r  ''?!1?!!^*.^."'^*'-^'  '"^'"?™'    performed  the  method  becomes  ex- 
E,  weiipited  «i*fl   ckTrying  wntug     '^       .         .    ,  ,  .    .. 

point;  P.  guide  for  wciKbi«d  ■h.ft.  I»n«ve,  but  most  unportant  is  the 
mability  to  follow  the  progress  of 
the  experiment.  A  picture  of  the  resulu  is  available  only  after  the 
experiment  is  cfHupleted.  The  importance  of  knowing  at  the  time 
when  constant  deflections  are  obtained  so  that  a  new  variable  mi^t  be 
introduced  became  evident  in  the  courw  of  the  research  and  proved  to 
be  a  most  important  factor. 

A  graphic  method  of  recording  deflections  of  a  d'Arsonval  galro- 
noineter  on  smoked  paper  was  developed.  With  this  method  the  em- 
ployment of  controls  was  an  easy  matter.  While  using  the  method 
I  learned  that  Spaeth  employed  the  same  principle  for  recording  the 
movements  of  melanophores.  and  more  recently,  that  the  method  has 
been  in  urn  in  psychological  laboratories  for  recording  electrical  deflec- 

■  The  rariew  of  lit^rktura  i«  rvMrved  for  lftt«r  papera. 
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tionfl.  But  the  device  developed  proved  of  auch  value  in  this  research 
that  it  is  shown  in  figure  1.  The  deflections  are  followed  by  an  assist- 
ant. A  horizontally  sliding  tai^t,  operated  by  a  windlass,  is  kept  in 
line  with  the  horizontally  reflected  filament  of  the  galvanometer. 
Attached  to  the  target  by  thread  is  a  vertically  moving  writii^  point 
which  records  the  deflections.  With  the  type  of  galvanometer*  used 
the  deflections  were  easily  followed.  Though  at  times  these  deflec- 
tions are  rapid  and  require  some  skill  to  follow  promptly,  the  lag  is 
only  momentary  and  imperceptible  with  the  slowly  revolving  drum 
usually  employed. 

By  the  use  of  this  method,  employed  continuously  throughout  an 
experiment,  a  partial  explanation  of  the  variability  of  deflections  was 
made  possible.  That  som^  of  these  variations  are  more  apparent  than 
real  is  shown. 

The  Williams  box  proved  most  convenient  for  controlling  tiie  com- 
pensating current.  The  non-polarizable  electrodes  were  the  usual 
cotton,  filter  paper  variety. 

The  electrical  deflections  accompanying  glandular  activation  and 
recovery  were  continuously  recorded.  The  gland  was  most  commonly 
activated  by  stimulation  oE  the  chorda  tympani,  by  stimulation  of  the 
sympathetic  fibers  alone  or  with  the  vagus  fibers,  and  by  injectionof 
pilocarpin.  The  effects  of  adrenin,  pituitrin,  atropin,  saline  solution, 
etc.,  and  of  mechanical  interference  of  the  blood  supply  to  the  gland  or 
interference  to  the  flow  of  saliva  through  the  duct  were  also  determined. 

To  assist  in  the  interpretation  of  the  accompanying  deflections, 
various  synchronous  records  were  made:  blood  pressure,  volume- 
flow  of  blood  by  an  automatic  and  bloodless  method^  salivary  secretion, 
time  in  seconds,  time  and  duration  of  stimulation,  of  injections,  of 
change  in  blood  supply  and  of  obstruction  of  the  salivary  duct. 

Two  types  of  leads  were  employed  the  "two  gland  lead"  and  the 
"one  gland  lead."  With  the  two  gland  lead  both  glands  are  expoeed 
and  an  electrode  placed  on  the  outer  surface  of  each.  This  arrange- 
ment suffices  for  studying  effects  of  procedures  limited  to  one  gland 
only,  such  as  stimulation  of  the  glandular  nerves  on  one  aide  or  obstruc- 
tion of  the  salivary  duct.  If  the  effects  of  activation  are  bilateral,  as 
with  injeGtioas,  isolation  of  one  gland  by  a  previous  mass  ligature  is 

*  Th«  galvanometer  used  in  this  rese&rch  is  made  by  the  Leeds  A  Northrup 
Company.  They  give  the  following  descriptiou  in  bulletin  228.— Galvanometer 
Resbtance  Ohms  550,  Sensitivity  10,000  megohms  —  10~"  amperes,  Period  Sec- 
onds 17.S,    Critical  damping  resistance,  external,  ohos,  20,000. 
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necessary.  Such  a  ligature  initiates  changes  in  the  gland,  disturbing 
the  electrical  equilibrium  for  some  time.  But  if  this  ligature  is  made 
at  the  beginning  of  the  operation  equilibrium  is  usually  established  by 
the  time  observations  of  electrical  deflections  begin. 

When  the  "one  gland  lead"  is  employed  both  electrodes  are  placed 
on  the  activated  gland,  one  usually  on  the  hilus  and  the  other  on  the 
outer  surface  opposite  the  hilus  or  a  point  slightly  posterior  to  it. 

With  the  "two  gland  lead"  the  electrodes  are  always  placed  so  that 
an  upward  deflection  indicates  an  increased  -negativity  of  the  lead  on 
the  activated  gland  (the  active  lead)  with  respect  to  the  lead  on  the 
resting  or  dead  gland  (the  indifferent  lead).  With  the  one  gland  lead 
the  hilus  is  usually  the  constant  lead  (exceptions  to  this  will  be  noted). 
Upward  deflection  indicates  the  outer  surface  of  the  gland  to  be  elec- 
trically negative  to  the  hilus  surface. 

Each  type  of  lead  gives  amoreor  less  characteristic  deflection — some- 
times very  similar,  depending  upon  the  points  of  the  gland  led  from. 
But  even  though  the  general  appearance  of  the  deflections  be  dis- 
simUar,  careful  study  of  the  crests  and  depressions  will  show  them  to 
be  comparable. 

A  typical  deflection,  with  the  fundamental  crests  and  depressions, 
obtained  by  chorda  stimulation  of  about  sixty  seconds  duration  with 
a  "two  gland  lead,"  is  shown  in  figure  2.  It  is  composed  of  four  nega- 
tive waves  or  crests,  1,  2,  3  and  4,  and  four  depressions,  1,  2,  3  and  4. 
The  upstrokes  are  designated  as  negative  components  1,  2,  3  and  4, 
and  the  down  strokes  as  positive  components  I,  2,  3  and  4. 

At  the  b^inning  of  this  research  the  "two  gland  lead"  alone  was 
employed  and  with  it  a  degree  of  similarity  of  deflections  was  obtained 
which  gave  promise  of  approaching  a  uniformity  of  results  necessary 
for  interpretation  of  the  deflections,  yet  not  infrequently  marked  dis- 
similarities occurred.  Therefore  the  problem  was  to  determine  the 
nature  of  these  unknown  variables  in  order  that  only  one  new  and 
known  variable  at  a  time  might  be  introduced  for  study. 

The  maintenance  of  the  uniform  condition  of  the  animal,  a  uniform 
application  of  the  leading  off  electrodes  and  the  uniform  application 
of  the  stimulating  electrodes  proved  very  important  in  reducing  the 
variable  factors.  This  is  evident,  for  a  single  deflection  may  last  aa 
long  as  twenty  minutes  and  such  deflections  separated  by  an  hour  or 
more  are  frequently  compared. 

In  addition  to  the  variability  of  the  individual  deflections  we  often 
have  a  continual  shifting  of  the  electrical  base  hne,  the  electrical  con- 
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dition  of  rest.  Thia  shifting  fA  the  base  line  bu  a  double  boutm. 
As  in  the  case  of  the  variability  of  deflections,  it  also  is  dependent 
upon  unifonnity  in  the  condition  of  the  tiasuee  and  in  the  application 
of  the  leadinK  off  electrodes. 

The  most  important  factor  in  keeping  the  condition  of  the  animal 
constant  is  uniform  anaesthesia  which  was  acc<mpli8hed  by  the  odoiin- 
istration  of  a  relatively  targe  injection  of  morphine  sulphate.  Hw 
amount  of  ether  given  was  usually  adjusted  at  the  beginning  of  the 
experiment  and  kept  at  tiiat  adjustment  to  the  end  for  it  was  noted 
that  a  sudden  change  in  the  etherisation  often  produced  an  etectrical 
deflection. 

The  other  source  of  change  in  the  base  line  is  at  the  lesding-off 
electrodes — attributable  to  either  shifting  of  position  or  to  drying. 
A  conaiderable  ^t  in  the  position  of  the  gland  is  without  effect  on 
the  base  line  provided  the  wisp  of  cotton  of  the  electrode  moves  with 
the  gland.  Electrodes  mounted  on  rods  of  block  tin  and  properly 
appUed,  together  with  sufficient  anaesthetisatioo  to  prevent  the  larger 
movements  overcome  thia  difficulty.  A  common  source  of  shifting  of 
the  base  line  is  the  drying  of  the  electrodes  but  contacts  consisting  of 
heavy  wisps  of  cotton,  frequently  moistened  with  saline  prevent 
such  shifting. 

Uniformity  of  application  of  the  stimulating  electrodes  is  absolutely 
necennary  in  quantitative  work  and  for  comparison  of  a  series  of  deflec- 
tions with  long  intervening  periods.  By  employing  certain  precau- 
tions uniformity  of  stimulation  is  obtainable.  The  chorda  lingual 
nerve,  disscctH  to  the  maximum  length,  with  all  the  branches  cut 
excepting  the  chorda  tympani,  was  placed  in  shielded  electrodes 
mounted  on  rods  of  block  tin  and  protected  by  moist  cotton.  Injury 
to  the  chorda  tympani  fibers  was  prevented  and  diffuse  stimulation 
secured  by  placing  the  thickest  part  of  the  nerve  in  the  electrode*  and 
by  using  large  animals.  The  cut  end  of  the  nerve  was  weighted  with 
thread  and  lead  weight  so  as  to  maintain  oonirtant  pressure  against 
the  electrodes. 

Presumably  any  change  in  the  metatmlic  prorrtwcs  of  a  tianie  is 
acc()ni|mme<l  by  a4Hnc  eiec-trical  nfimnflp.  The  factors  which  may 
influence  the  prooeiwfl  of  the  HulMiiaxillarj'  glan<l  are  therefore  ver>' 
numcniuK.  Strength  of  ntimulalion  of  the  nrrvcs  Ipfuting  to  the  gland, 
duration  of  tttiiinilation,  pori<>«l  of  rent  betwnrn  ptTirxIs  of  Htimulation, 
variations  in  ttx-  volume-flow  of  bliKxl,  renistanre  to  the  flow  of  saliva, 
injrction  of  pilorar|iin,  odrrnin,  atn>pin,  etc.,  are  among  thow  slutlied. 
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Id  this  paper  only  data  of  general  interest  are  conmdered.  A  more 
detailed  study  fonns  the  basis  of  another  paper. 

ActivatioD  of  the  gland  by  stimulation  of  the  chorda  tympani  is 
the  most  perfectly  controllable  means  of  altering  tiie  processes  in  the 
gland.  It  is  the  only  method  used  in  the  expreriments  described  in 
this  paper  which  deals  with  the  effects  of,  is,  duration  of  stimulation; 
b,  strength  of  stimulation;  c,  period  of  rest  between  periods  of  stimula- 
tion; d,  exercise,  and  e,  leads. 

In  studying  the  effect  of  varyii^  any  one  of  these  factors  it  is  neces- 
sary to  know  that  the  particular  change  introduced  is  the  only,  or  at 
least  the  main,  factor  varied.    This  can  be  the  case  only  if  there  are 


Fig.  3.  Deflection  Bbowing  the  effect  of  varying  the  duration  of  Btimulatioa. 
Secretion  in  dropa  is  shown  in  curves  B  and  C.  In  curve  A,  the  stimulus  was  too 
short  to  elicit  secretion.  Crest  number  (our  is  only  partially  shown  in  figure 
3,  C. 


no  slowly  prc^p'essing  changes  in  the  animal  as  a  whole  or  in  the  gland 
itself  as  a  result  of  activation.  It  is  therefore  necessary  to  make  con- 
trol observations  to  determine  whether  any  unknown  variable  is  oper- 
ating. In  making  these  controls  conditions  were  kept  as  constant  as 
the  methods  permitted,  i.e.,  a  constant  lead  was  employed,  the  chorda 
lingual  nerve  stimulated  the  same  length  of  time,  with  the  same  strength 
of  stimulus  and  with  equal  periods  of  rest  intervening.  If  similar 
deflections  were  obtained  with  similar  activation  as  Indicated  by  the 
number  of  drops  of  sahva  and  the  electrical  deflection,  it  was  assumed 
that  conditions  were  constant  enough  for  introducing  a  variable.  Very 
frequently  at  the  beginning  of  an  experiment  the  gland  reacted  dif- 
ferently for  a  period  of  an  hour  or  more,  but  occasionally  equilibrium 
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of  the  baae  line  and  unifonnity  of  deflection  were  establisbed  in  a 
short  time. 

a.  Duration  of  atimulation.  By  keeping  constant  the  lead,  the 
strength  of  atimulation  and  the  period  of  rest  between  periods  of  stim- 
ulation, the  effect  of  varying  the  duration  of  stimulation  was  studied 
(see  6g.  3).  The  lead  ia  this  case  was  a  "one  gland  lead,"  one  elec- 
trode resting  on  the  hilus  of  the  activated  gland  and  the  other  approx- 
imately opposite  thifl  point  on  the  outer  side  of  the  gland. 


Fi|t.  4.  Dpnrrtioni  ■howioR  thr  pfTrrt  of  rhBDpDR  strpnitth  of  Btimuliu.  Tb« 
lesil  i*  ronxtsnt.  thr  [irriod  nf  rrnl  fivr  rninulm.  the  prriixl  of  HtimulBtion  twptitjr 
•rrondfl.  Tht-  otrpDBth  of  iilimulklion  U  proRmutivHy  drrrvaiird  from  A  to  D 
and  tftita  i&rrvuird  front  It  to  F. 


With  a  very  short  stimulus  of  about  a  aocond's  duration,  crest  num- 
ber 1  alone  may  appear  as  a  low  sharp  wave.  Frequently  this  ia 
followed  by  a  low  slowly  developing  wave,  which  may  be  crest  number 
4  (soo  Gg.  3,  A).  By  prolonging  the  nlimulation,  crest  number  two 
is  addpd  and  the  appearance  of  crext  number  4  made  more  eaitain 
(fig.  3,  B).  With  the  addition  of  (<n>Mt  number  2,  crest  number  1  may 
not  always  be  as  dintinrlly  sM'n.  This  de|ten<ls  on  (he  rapidity  of  the 
development  of  the  w>rond  nogativo  component.    If  this  compooeot 
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develops  strongly  before  the  first  negative  component  haa  completed 
ite  effect  upon  the  galvanometer  and  before  the  first  positive  com- 
ponent comes  into  play,  the  first  and  second  negative  components  may 
be  more  or  less  ctunpletely  fused.  In  certain  experiments  the  second 
negative  component  may  develop  so  slowly  that  the  first  positive  com- 
ponent reaches  the  base  line  and  separates  crests  1  and  2  ctnnpletely. 
In  %ure  3  fusion  is  only  partial.     Though  many  curves  show  complete 


Fig.  S.  Deflections  showing  the  effects  of  rest.  Strength  of  stimulation  was 
constant,  the  duration  of  stimulation  was  twenty  seconds  in  each  observation. 
The  period  of  rest  preceding  deflection  A  waa  30  minutes;  B,  5  minutes  and  C, 
15  minutes.  Though  the  same  amount  of  secretion  is  elicited  in  each  case  the 
deflections  vary  but  approximate  each  other  with  the  approximation  of  the 
period  of  rest. 


fusion  component  number  1  can  be  elicited  by  special  methods  in 
«very  animal.  If  the  stimulus  is  proloi^d  still  more  than  in  3  A  and 
B,  crest  number  3  is  added  and  crest  number  4  is  usually  enlai^ 
(£^.  3,  C).  This  is  thp  common  picture  produced  by  prolonged  chorda 
stimulation;  the  ordinal  is  shown  in  figure  2.    There  are,  however. 
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certain  exceptions — additiotul  waves  may  appear  and  oreet  number 
4  may  be  absent.    These  will  be  eonsideied  in  a  later  paper. 

b.  Strength  tif  ttimulua.  By  keeping  constant  the  duration  of  stim- 
ulation, the  duration  of  rest  and  the  lead,  the  effect  of  varying  the 
strength  of  stimulation  may  be  studied,  as  shown  in  figure  4.    In  theae 


Fig.  S.  ObMrvBlioiM  ihowinx  «  ebuiciDK  aecretory  KiponM  to  •timult  of 
•qua]  ■tr«ii|th  knd  dunxioo  applird  at  equal  iiil«rT>la,  with  the  development  of 
rareraa]  of  tbe  eleeirical  deflpdioo. 

obeorvations  the  strength  of  stimulation  is  progremively  diminished 
from  j4  to  D  and  increased  again  to  F.  A  changing  contour  with 
^linimishing  strength  of  stimulation  and  tbe  approximate  duplication 
of  rurx'ffl  on  increamng  the  strength  of  stimulation,  such  as  is  seen 
hore,  occura  even  though  two  instead  of  one  variable  may  be  introduced 
in  this  rxiM-riment.     The  difficulty  of  confining  the  variables  to  strength 
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of  BtimulatioD  alone  is  apparent,  for  a  period  of  rest  following  a  period 
of  strong  Btimulation  is  relatively  shorter  than  a  period  of  rest  follow- 
ing a  weaker  stimulation.  In  these  observations,  however,  strength 
of  stimulation  appears  to  be  the  important  variable. 

c.  Duration  of  rest.  The  effect  of  rest  is  shown  in  figure  5,  three 
observations  in  which  the  lead,  the  duration  and  strength  of  stimula- 
tion were  constant  but  the  rest  preceding  such  stimulations  variable. 
The  period  of  rest  precedii^  observation  A  was  thirty  minutes; 
observation  B  five  minutes;  obeervation  C  fifteen  minutes.  The 
change  in  contour  with  changing  rest  and  the  appnmmation  of  con- 
tour with  apprcodmation  of  the  period  of  rest  become  obvious  upon 
ccunpating  defiections  A ,  B  and  C.  This  chai^  in  contour  ia  particularly 
interesting  in  view  of  the  fact  that  the  amount  and  rate  of  secretion 
remain  the  same.  In  the  two  preceding  experiment  on  the  effect  of 
duration  and  of  strength  of  stimulation,  the  contour  of  the  deflections 
may  be  largely  accounted  for  by  the  changing  rate  and  amount  of 
secretion.  These  factors  are  however  missing  in  the  present  instance. 
The  difference  in  the  deflections  accompanying  equal  secretions  may 
possibly  be  looked  upon  as  an  effect  of  altered  time  relation  between 
such  processes  as  liberation  and  elaboration  of  secretion  resulting  fr<xn 
altered  periods  of  rest. 

d.  Exercise.  Occasionally,  as  in  the  preceding  experiment,  a  pre- 
vious Btimulation  of  the  chorda  tympani  has  Uttle  or  no  noticeable 
^ect  upon  the  amount  of  secretion  obtained  by  subsequent  stimula^ 
tion.  Not  infrequently,  however,  when  a  series  of  stimuli,  of  equal 
Btrer^h  and  duration  with  equal  periods  of  rest,  is  applied  to  the 
chorda  lingual  nerve  the  preceding  stimulus  has  its  effect  on  the  sub- 
sequent stimulus.  This  has  been  looked  upon  as  an  effect  of  exercise. 
When  the  electrical  deflections  have  been  recorded  in  such  observations 
changes  in  contour  occurred.  (See  fig.  6.)  The  general  contour  of 
the  curves  varies  considerably,  producing  what  is  known  as  a  reversal 
of  the  deflection,  but  a  more  careful  study  shows  that  these  variations 
are  more  apparent  than  real — that  the  fundamental  crests  appear  in 
each  deflection  and  that  it  is  only  their  amplitude  and  positions  which 
are  altered  by  a  change  in  the  balance  of  the  adjacent  negative  and 
positive  components.  To  what  extent  these'  changes  in  balance  are 
due  to  the  effect  of  exercise  and  how  much  to  the  increased  response 
of  the  gland  to  stimulation,  it  is  difficult  to  say.  But  the  observation 
is  of  interest  in  that  it  shows  a  difference  in  response  to  stimulation 
and  also  that  it  shows  the  gradual  development  of  a.  so-called  reversal. 
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The  observation  illiistratee  the  difficulty  occasioiully  met  with  in 
interpreting  deflections  and  in  securing  proper  controls. 

e.  Lead.  The  two  genera)  types  of  leads — "one  and  two  gland 
leads" — have  already  been  described,  and  mention  has  been  made  of 
the  fact  that  the  deflections  obtained  with  these  two  leads  may  re- 
semble each  other  closely.  To  facilitate  the  description  of  various 
leads,  certain  points  on  the  gland  are  numbered  from  1  to  8.  (See  fig. 
7).  Nuntbera  1,  2  and  3,  are  on  the  outer  side  of  the  gland,  4,  5,  6,' 
7  and  8  on  the  edge  of  the  gtand  between  the  outer  and  inner  surfaoee. 
The  points  corresponding  to  1,  2  and  3  on  the  inner  surface  of  the  ^and 
are  ntunbered  1',  2'  and  3';  2'  corresponds  to  the  hilus  of  the  gland. 
If  the  lead  is  a  "one  gland  lead,"  the  leads  coming  from  the  hilus  and 
a  point  directly  opposite  on-  the  outer  surface,  it  is  designated  lead 
2'  -  2.  Occasionally  the  lead  may  not  be  over  a  numbered  point; 
e.g.,  it  may  be  between  2  and  3.  In 
that  case  the  lead  is  designated  as  lead 
2'- (2 -3). 

If  the  lead  is  a  "two  gland"  or  a 

symmetrical  lead,  one  electrode  (th« 

indifferent  electrode)  on  the  dead  or 

resting  gland  and  the  other,  e.g.,  oa 

.,.    _  ^  ,  ,  ^       .  point  2  of  the  activated  gland,  the  lead 

F^g.  7.  Schema  of  th«  lubmAX-      .      ,     .        ^    ,         ,      .  „      „ 

ill.ry  gland  .howina  l.»d,  «  designated  as  lead  8  -  2. 

In  ficure  8  is  shown  a  series  of  de- 
flections obtained  with  a  two  gland  load  resulting  from  chorda  stimula- 
tions of  equal  duration  (10  seconds)  and  equal  intensity,  the  points  of 
application  of  the  electrodes  being  designated  for  each  deflection. 
The  deflection  ohangee  distinctly  with  each  lead,  more  with  some 
than  with  others,  e.g.,  in  observations  <4 ,  B  and  C  (leads  S-2,  S-1, 
and  S  -  2').  the  electrical  variation  is  greater  than  in  obeorvatioos  C, 
D  and  G  (leads  S-4,  S-6  and  S-  (5-6) ).  Each  deflection  ifl  typi- 
cal for  the  lead  for  when  pairs  of  obHorvations  are  taken  for  each  lead  the 
deflections  in  each  pair  show  a  close  reeemblance  to  each  other,  which 
is  absent  in  deflections  from  different  leads.  Or  if  one  is  fortunate 
enough  to  keep  conditions  very  constant,  with  careful  application  of 
the  electrodes,  dupUcate  Rcries  may  be  produced.  In  figure  8,  deflections 
A  and  F,  and  C  and  G  (each  pair  having  approximately  the  same  lead) 
niwmble  each  other  most  clottply  even  though  separated  by  a  consid- 
erable interval  of  time.  (With  obscrvatione  A  and  F  the  leads  pre- 
sumably are  the  same;  with  oln«cr\-atiorui  C  and  0,  the  lewis  are  only 
approximately  the  Banii'). 
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Figure  9  ahowa  a  series  of  defiectioos  obtained  with  a  "one  gland 
lead."  The  typical  difference  between  a  one  and  two  gland  lead  is 
brought  out  fairly  well  by  comparison  of  figures  8  and  9.  In  ihe 
aeries  of  ^ure  9,  even  though  the  lead  was  changed  for  each  subse- 
quent observation,  there  is  an  approximate  duplication  of  the  deflec- 


Fig.  8.  Deflectiona  showing  the  effect  of  changiiiK  lends.  The  ourvee  are 
obtained  from  "two  gland  le&dB,  "the  lead  on  the  dead  gland  ramaine  eonetont, 
the  lead  on  the  activated  gland  ie  ehifted  as  designated  in  the  figure.  A,  8 -2, 
B.8~t;C,  S~S.6;D,  S-4;B,  S-2';  F,B-2;G,S'5. 

tions  when  the  leads  are  repeated  as  in  observations  B  and  H.    (Leads 
2'  - 1),  £  and  F  (leads  2'  -  3),  and  D  and  G  (leads  2'  -  (3'  -  6) ). 

The  observations  represented  in  figures  8  and  9  illustrate  the  im- 
portance of  knowii^  definitely  the  lead  employed  if  an  interpretation 
of  the  deflection  is  to  be  made  or  the  observations  of  different  workers 
are  to  be  compared.    Though  in  the  "two  gland  leads"  the  deflections 
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ue  mainly  above  the  olcctricftl  base  line  of  rest,  in  tbe  "one  ^aod 
leads,"  large  deflections  below  the  baae  line  occur.  Tbe  extent  to 
which  this  occurs  in  the  "one  gland"  lead  di0ers  with  the  pointa  M 
off.  For  example,  deflection  B,  when  compared  with  deflection  A 
(fig.  0),  might  be  considered  a  complete  reversal  yet  the  prooMSM 
represented  by  the  deflections  are  the  same.  Therefore  a  deecriptimi 
of  a  reversal  of  the  usual  deflection  without  mention  of  the  lead  means 


FtR.  0.  Dv6»rlioiis  ahowiDK  thr  effect  of  ehaoKinit  \rtd*.  The  rurvca  ftn  all 
obuined  from  "one  itluid  le>cb."  the  T  or  hilux  lead  remaininK  eonatant.  A; 
V-«:  B,  r-\,  C,  2' -2;  D.  2' -(3' -6);  B.  2'~Z:  F,  2* -3;  G.  V~  (3'-«l. 
tf .  2'  -  I. 


little.    The  reversal  with  a  constant  lead  as  seen  in  figure  6  however, 
is  of  interest. 

/.  Duratum  of  itimulalion,  ttrengtk  of  atimulation,  period  ^  rttt  and 
Uadt  cotiMtarU,  FVran  the  olieorvations  no  far  cited  it  is  aiqiarent  that 
the  electrical  deflections  are  attributable  to  the  nature  and  tbe  aequenoe 
of  procesoes  going  on  within  the  gland  and  to  the  type  of  lead  employed 
to  register  the  electrical  chan|{<n  accompanying  thorn  processes,  llat 
comparable  control  dcfleclinnH  can  be  obtained  was  pointed  out  in  ths 
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begmning  of  the  paper  and  now  that  the  effect  of  varying  a  number  of 
factors  has  been  shown  it  might  be  of  interest  to  know  bow  constant 
the  conditions  in  a  gland  may  be  kept  and  how  accurately  these  con- 
ditions are  reflected  in  the  electrical  deflectionB. 

If  we  have  an  animal  whose  condition  remains  constant  and  if  we 
nnploy  a  aeries  of  stimuli  of  equal  strength  and  duration  separated 
by  equal  periods  of  rest,  the  nature  and  sequence  of  the  secretory 
and  recovery  processes  should  be  the  same  provided  the  period  of 
tost  is  long  enough  for  recovery  and  the  effecrts  of  exercise  do  not  enter. 
If  these  conditions  are  met  one  might  expect  the  electrical  deflections 
to  be  constant  with  a  constant  lead.    It  is  only  if  this  is  true  that  the 


Fig.  10.  Deflections  obtained  under  canstant  cooditions  with  streagtfa  aod 
duration  or  etimulation  and  the  intervening  periods  of  rest  equal. 

electrical  deflections  may  be  considered  a  reliable  index  to  glandular 
processes  and  that  interpretations  of  the  deflection  become  possible. 

In  the  series  of  observations  shown  In  figure  10  the  chorda  tympani 
nerve  was  stimulated  in  each  case  for  8  seconds  with  stimuli  of  equal 
strength,  a  constant  period  of  rest  of  5  minutes  intervening.  In  each 
case  exactly  eight  drops  of  saliva  were  secreted.  The  deflections  are 
practically  superimposable  and  reflect  the  constancy  of  intensity  and 
sequence  of  glandular  processes. 

Knowing  in  a  general  way  the  significance  of  some  of  the  more 
important  variables  we  are  better  prepared  to  study  in  detail  certain 
factors  influencing  glandular  function  and,  therefore,  the  electrical 
responses. 
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It  will  be  noted  in  figure  2  that  secretory  fluctuationB  run  pumlld 
with  crests  2  and  3.  To  study  the  relation  of  these  and  other  pb»- 
nomena  to  blood-flow  an  automatic  and  bloodless  method  of  recording 
the  volume-flow  of  blood  was  devised  and  is  described  in  paper  II. 
In  figure  3  of  that  ptper  a  record  at  volume-flow  of  blood  with  pro- 
longed chonla  stimulation  la  diown.  Paper  III  deals  with  the  nature 
ctf  the  fluctuation  in  flow  there  noted,  with  the  effect  of  volume-flow 
of  blood  on  metabolism,  the  eBeet  of  metaboUan  on  volume-flow  of 
blood. 


The  object  of  this  research  was  to  study  the  significance  of  electrical 
deflections  in  living  tissue. 

The  Buhmaxillary  ^and  was  chosen  as  a  type  of  tissue  easily  aeees- 
sible  for  study  and  with  functions  weU  controllable. 

The  ^and  was  activated  by  stimulation  of  the  chorda  tympani 
fibers,  under  varying  circumstances,  with  stimuli  of  varying  intensity 
and  duration.    The  associated  deflections  were  recorded. 

On  acoount  of  the  great  variability  of  electrical  deflections  commoD 
to  glandular  structures,  a  continuous  and  graphic  method  of  reoord> 
ing  these  deflections  on  smoked  paper  was  employed. 

The  advantages  of  this  method  over  the  photographic  method  are 
discussed.  It  permits  the  recording  of  every  deflection,  the  eetablisb- 
ment  of  control  observations  and  shows  the  results  during  the  progress 
of  the  experiment. 

To  aid  in  the  study  of  these  deflections,  blood  pressure,  saltvaiy 
secretion,  volume-flow  of  blood  and  time  in  seconds  were  syncbronously 
recorded. 

A  prolonged  chorda  stimulation  of  about  sixty  seconds  duration 
usually  produces  a  deflection  of  four  crests,  the  result  of  a  balance  of 
four  negative  and  four  positive  components. 

Though  most  deflections  are  comparable  in  their  essential  points. 
employing  a  single  type  of  lead  and  activating  the  gland  presumably 
under  constant  conditions  elicits  deflections  varying  in  general  contour. 

To  determine  the  unknown  variables  producing  these  electrical 
variations  special  precautions  were  taken. 

By  keeping  the  general  condition  of  the  animal  constant,  using  » 
constant  lead  and  activating  the  gland  with  stimuli  of  equal  duratioD, 
equal  intensity  and  separated  by  equal  periods  of  rest,  it  was  f 
to  obtain  superimposable  deflections. 
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With  the  aid  of  such  controls  it  was  shown,  by  varying  mngle  factors, 
that  the  contour  of  the  electrical  deflections  may  be  decidedly  altered 
by  change  of  strength  of  stimulation,  of  intensity  of  stuaulation,  of 
leads,  of  the  period  of  rest  and  by  the  factor  of  exercise. 

Where  the  leads  are  constant  the  electrical  variations  may  be  attrib- 
utable to  changes  in  intensity  and  sequence  of  such  processes  as  liber- 
ation of  secretion,  elaboration  of  secretion,  recovery,  etc. 

Hie  cardinal  points  of  a  typical  deflection  are  usually  present, 
tiiough  the  balance  of  components  may  change  markedly  ihia  genial 
contour  of  the  deflection. 

This  contour  may  change  to  what  is  known  as  a  reverBal.  If  the 
change  in  deflection  occurs  with  a  constant  lead  it  is  of  significance. 
If  it  occurs  as  result  of  an  altered  lead  it  is  of  no  value  in  indicating 
altered  glandular  processes. 

This  research  is  considered  only  as  a  necessary  preliminary  to  further 
detaOed  study. 
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STUDIES  ON  THE  SUBMAXILLARY  GLAND 

II.  An    ACTOUATIC    AND    BLOODLESS    MeTHOD    OF    RECOBOINO    THB 

Volume-flow  or  Blood' 
ROBERT  GESELL 


ReMiTed  for  publication  October  39,  1918 

In  the  Study  of  electrical  variations  of  the  submaxillary  glaod,  I 
found  that  an  interpretation  of  these  variations  required  a  continuous 
record  of  the  volume-flow  of  blood  throuf^  the  gland. 

Tbouf^  the  electrical  variations  are  purely  local  reactions,  tbey 
nevertheless  are  influenced  by  fluctuations  of  the  genera]  contlition  of 
the  animal  and  for  that  reason  it  is  essential  to  keep  this  condition  m 
uniform  as  possible.  Since  at  times  it  is  necessary  to  compare  d<-fleo 
tions  separaU<d  by  intervals  of  an  hoiu"  or  more,  the  UDual  methtxls  of 
reeordinR  the  volume-flow  of  blood  would  introduce  serious  difl^cultiM. 
The  rigid  requirements  of  the  experiment  stiKKesti-d  the  importance  of 
developing  a  new  method  for  recording  the  flow  of  blo<H). 

In  the  method  which  was  developed  the  blood,  without  coming  in 
contact  with  any  foreign  sulwttance,  is  automatically  measured  as  it 
flows,  at  approximately  »>ro  pressure,  through  the  vein  toward  the 
heart.     (S4>e  figs.  1  and  2.) 

In  m<-asuring  the  volume-flow  of  blood  of  the  submaxillary  gland, 
/,  the  jugular  vein,  S,  is  cleanly  dissected.  Every  branch  with  the 
exceptiim  of  the  branches  coming  fn>n)  the  gland  is  ligated.  The  vein 
in  then  placed  in  the  trough,  S,  of  the  inwtnmient  under  the  emptying- 
plate,  4,  Aod  under  the  cut-off,  S,  which  nwts  upon  an  extension  of  the 
floor  of  the  tn>ugh.  The  emptying-plate  and  cut-off  are  pivoted  at 
8  and  7  and  are  operat<>d  respect i\'ely  by  the  emptying  solenoid,  S, 
and  the  cut-off  solenoid  9.    The  cut>off  is  heUl  down  on  the  vein  by 


Digitized  by  VjOOQIC 


METHOD   OF   DETERUININO   VOLUUE-FLOW  OF   BLOOD   .  429 

the  constant  pull  of  the  spring,  10,  attached  to  the  frame  of  the  cutHjff 
solenoid.  The  emptying-plate  is  perfectly  balanced  and  free  to  swing 
in  a  vertical  direction. 

This  arrangement  permits  the  automatic  filling  and  emptying  of  the 
vein  lying  in  the  trough.  With  the  vein  empty  and  the  cut-offcloeed, 
the  vein  is  filled  by  the  blood  coming  from  the  gland  and  riuses  the 
emptying-plate  until  the  cut-off  contact,  11,  is  made.  This  contact 
cloees  the  circuit  of  the  cut-off  solenoid,  the  iron  core,  IS,  attached  by  a 
piston,  13  (to  be  described)  to  the  cut-off,  is  drawn  down  against  the 
pull  of  the  spring,  10,  and  the  cut-off  opens,  permitting  the  blood 
collected  under  the  emptying-plate  to  pass  to  the  heart.  When  the 
vein  collapses,  the  emptying-plate  follows  and  the  cut-off  circuit  is 
broken.  The  cut-off  closes  the  vein  imtit  the  cut-off  contact  is  again 
made  by  the  refilling  of  the  vein.  In  this  way  the  vein  automatically 
fills  and  empties  at  a  rate  dependent  on  the  volume-flow  of  blood. 

This  describes  the  operation  of  the  instrument  in  its  simplest  form 
in  which  the  cut-off  solenoid  alone  is  used.  Though  records  of  volume- 
fiow  of  blood  are  obtainable  with  an  instrument  of  this  kind,  a  few 
modifications  were  necessary  to  perfect  the  method  and  to  make  it 
yield  quantitative  data. 

In  tl;e  instrument  without  an  emptying  solenoid,  the  vein  is  filled 
against  a  positive  pressure  (weighted  emptying-plate)  which  assists  in 
emptying  the  vein  during  the  period  in  which  the  cut-off  is  open. 
The  blood  however  has  considerable  'viscosity  and  inertia,  and  there- 
fore a  constant  weight  which  can  be  employed  on  this  emptying-plate 
is  insufficient  to  empty  the  vein  completely  during  the  short  period 
that  the  cut-off  is  open.  In  addition  respiratory  variations  of  venous 
pressure  continually  obtaining  on  the  cardiac  side  of  the  instrument 
vary  the  degree  of  emptying  of  the  vein,  resulting  in  a  very  irregular 
record.  This  irregularity  may,  however,  be  overcome  by  applying  to 
the  emptying-plate  a  force  of  sufficient  strength  to  make  the  venous 
pressure  (^dilations  negligible.  But  even  so  the  resistance  of  the 
blood  is  sufficient  to  permit  different  degrees  of  emptying  of  the  vein 
if  the  short  period  during  which  the  cut-off  is  open  varies  only  a  frac- 
tion of  a  second.  It  was  therefore  necessary  to  prolong  the  open 
period  of  the  cut-off  as  well  as  to  apply  a  strong  emptying  force  to  the 
vein  during  this  period.  By  prolonging  the  open  period  of  the  cut-off 
beyond  that  necessary  to  obtain  complete  emptying  of  the  vein,  it  is 
unnecessary  to  have  these  periods  of  constant  duration. 
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Flia.  1  ud  3.  ScbeiDK  ud  photofra|A  <rf  the  autonMtie  ud  UmmOqm  volnm*- 
Sow  r«corder.  1,  nibmudllary  El*Dd;  t,  aztamkl  jufutkr  T«iii;  $,  troofb;  <, 
•mptyiag-plat*;  f,  cut-off;  9,  ptroUni  point  of  tlw  um  of  tba  uaptjriaf^Uta; 
7,  pivoti&c  point  of  tbo  eut-off  um;  9,  0mpt]rin|  Mlenoid;  9,  oul-ofl  •al«MU; 
10,  eloabv  ■?»]>(  of  caUoS;  II,  cut^  contAct;  li,  oore  of  out-oS  Mleoaid;  It, 
eat-off  piaton;  14,  bdl-b«wiog  rain;  if,  opening  eonununieating  b«tw«en  ex- 
terior nad  piiton;  19,  ur  •p«c«  of  ejrlindrr;  IT,  platioum  p1al«;  It,  apring^naa 
strip;  19,  cnptying-aoleDaid  contact;  10,  eon  of  emptying  aotenoid;  it,  bat- 
teriea;  U,  beart;  19,  relar- 
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This  period  is  prolonged  by  a  piston  with  a  ball  valve,  14,  attached  to 
the  cut-off  core  and  to  the  cut-off  ann.  The  opening,  15,  connects  the 
exterior  and  the  air  space,  16,  of  the  cylinder  and  casing  of  the  core.  The 
ball  is  freely  movable  and  rests  over  the  communicating  opening.  This 
arrangement  permits  the  free  entrance  of  air  into  the  cyHnder  and  a 
quick  downward  movement  of  the  piston  is  possible,  but  at  the  end 
of  the  stroke  the  bail  again  closes  the  opening  and  the  piston  can  now 
rise  only  if  the  air  above  escapes.  The  escape  takes  place  through  an 
escape  valve  not  shown  in  the  diagram.    By  the  regulation  of  this 


Fig  2 

valve  together  with  the  regulation  of  the  closing  spring  the  rate  of 
closure  of  the  cut-off  is  controlled.  During  the  entire  open  period  of 
the  cut-off,  a  force  is  applied  to  the  emptying  plate  by  means  of  sole- 
noid 8,  which  brings  about  complete  emptying. 

From  the  previous  description  it  is  apparent  that  the  prolongation 
of  the  open  period  is  dependent  on  the  length  of  the  down  stroke  of 
the  cut-off  core.  Though  a  solenoid  may  exert  a  powerful  pull  when  a 
continuous  current  flows,  this  pull  may  be  very  small  when  only  a 
temporary  closure  occurs.  The  duration  of  the  closure  of  the  cut-off 
contact  is  bo  short  that  it  is  necessary  to  prolong  in  a  mechanical  way 
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the  period  of  Bow  of  cutreDt  through  the  cut-off  aolenoid.  This  u 
accomplished  by  pUcinft  a  apecially  constructod  relay  in  the  cut-off 
circuit.  The  solenoid  of  this  relay  ia  powerful,  the  core  ta  heavy,  and 
by  mounting  one  of  the  platinum  contacts  on  a  flexible  strip  of  spring- 
brass  attached  to  the  core,  the  bending  of  the  strip  against  the  second 
contact  on  each  cloeure  aecuree  the  necessary  prolongation. 

Aside  from  these  modifications  the  instrument  works  on  the  same 
general  principles  as  the  simpler  instrument.  With  the  vein  empty 
and  the  cut-off  cloeed,  the  emptying  plate  rises  until  the  cut-off  con- 
tact is  made.  But  now,  when  the  cut-off  opens,  a  platinum  plats, 
17,  mounted  on  a  Bexible  strip  of  spring  brass,  18,  ia  bent  down  on  tbf 
emptying  solenoid  contact,  19,  closing  the  circuit  of  the  emptying 
solenoid.  The  iron  core,  tO,  suspended  in  the  solenoid  and  attached 
to  the  ann  of  the  emptying  plate  by  a  thread  or  a  brass  spring,  is 
drawn  up  and  exerts  its  force  on  the  emptying  plate  so  long  as  the 
contact  of  the  emptying  solenoid  is  made.  This  contact  is  prolonged 
by  the  flexibility  of  the  spring-brass  strip  and  by  the  retardation  of 
the  closing  of  the  cut-off.  The  height  of  the  contact  is  so  adjust*^ 
that  the  contact  is  broken  only  when  the  cut-off  ts  completely  cloapd. 
The  breaking  of  the  contact  releases  the  force  on  the  emptying  plate 
and  the  vein  is  free  to  fill  again  against  cero  pressure,  for  the  emptjing 
plate  is  balanced  by  the  long  ann  connected  with  the  emptying 
solenoid. 

When  the  emptying-plBt«  compresses  the  vein,  there  is  a  tendency 
tor  the  blood  to  be  expretoed  in  both  directions.  This  is  overcome 
by  giving  the  plate  a  very  slight  tilt  which  sends  the  bulk  of  the  blocKl 
in  the  direction  of  the  heart. 

The  volume-flow  is  graphically  recorded  by  a  signal  magnet  in 
circuit  with  one  of  the  solenoid  circuits.  Rgure  3  is  a  record  of  the 
volume'flow  of  bUxxi  of  the  submaxillary  gland  showing  the  effect  of 
stimulation  of  the  chonla  tympani.  The  number  of  strokes  per  unit 
of  time  may  tie  rORulat(><l  to  mert  the  demandu  of  the  experiment  and 
the  volume-flow  of  blood  obtaining  With  a  rapid  flow  of  bloftd  a 
coarse  adjuHtmcnt  in  UKUally  Ixvt  while  with  a  verj-  slow  flow  a  fine 
adjustment  of  the  cul-off  contact  nhowH  the  changes  in  volunie-Atiw 
more  quickly.  Th<-j<o  adjUHtmcnlH  are  eiiwly  made  by  the  screw  show- 
ing in  the  photograph  (fig.  2).  KaiHing  ihiii  contact  diminisfat-s  the 
degree  to  which  the  vein  AUh  in  each  interval.  For  qualitative  work 
this  adjuHtment  may  be  fn-cly  uwd  but  for  quantitative  work  it  is 
neccHsary  to  calibrate  the  vein  for  ev(T>'  adjuHtment;  and  in  doing 
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quantitative  work  it  is  therefore  desirable  to  set  the  adjustmeDt  at 
Boroe  mean  poedtioD  suitable  for  all  conditions  of  the  experiment. 

The  principle  on  which  the  instrument  is  constnirted  should  permit 
quantitative  measurements  if  the  emptying  solenoid  contact  is  prop- 
eriy  adjusted,  and  this  is  an  easy  matter.  In  this  case  all  the  blood 
passing  through  the  vein  is  measured,  for  the  vein  is  never  completely 
open.  It  is  always  closed  either  at  the  lower  end  of  the  trough  by 
the  cut-oEF  or  at  the  upper  end  by  the  upper  edge  of  the  empt>'ing- 
plate. 

That  the  number  of  strokes  in  the.  record  of  volume-flow  varies  in 
direct  proportion  to  the  volume-flow  of  blood  was  demonstrated  in 


Fig.  4.  Oil  drop  recorder.    (.  HubmaxilUr}'  itlftiul;  t,  external  ju(ul>r  vein; 
3,  rolunte-flow  recorder;  4.  blood;  <,  oil;(f,  tiphon;  7,  dropper. 

two  waytt:  (!)  The  external  jugular  vein  was  isolated  and  connerted 
with  a  burette  containing  saline  solutioQ.  Records  were  then  made 
of  volume-flows  of  known  quantities  of  saline  solution.  The  number 
of  strokes  of  the  instrument  was  directly  proportional,  within  an  error 
of  about  2  per  cent,  whether  the  flow  wan  rapid  or  slow.  (2)  The 
other  method  confuxted  in  measuring  the  volimie-flow  of  blood  through 
the  vein  in  situ  by  the  bloodlewi  method,  and  in  measuring  it  again 
by  collerting  the  blood  after  patwing  the  instrument.  For  this  purpoee 
the  bltKxl  in  permitted  to  flow  from  the  vein  through  a  syringe  needle 
and  rul>l>er  tul>e,  and  the  drops  are  recorded  (nee,  fig.  4).  By  varying 
the  volume-flow  of  blood  in  various  wayH,  it  was  found  that  the  resultB 
obtainnl  by  the  two  methods  agreed  perfectly. 
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Iq  employii^  the  drop  method  for  quantitative  work,  difBculties  in 
maintaining  a  constant  size  of  the  drop  due  to  clottii^  of  the  blood 
occur.  These  are  overcome  by  leading  the  Wood  into  a  bottle  contain- 
ing oil,  communicating  to  the  exterior  by  an  overhanging  siphon 
(see  fig.  4).  The  blood  as  it  enters  the  bottle  sinks  and  displaces  the 
oil.  This  oil  is  siphoned  oS  and  exerts  a  small  suction  on  the  vein. 
At  the  end  of  the  siphon  is  a  specially  constructed  dropper  to  insure 
a  uniform  drop  of  oil.  The  oil  emerges  at  the  side  of  the  dropper  as 
shown,  instead  of  the  bottom,  and  runs  down  the  outer  surface  of  a 
perfect  brass  sphere.  Any  slight  change  in  position  of  the  dropper 
will  therefore  have  no  effect  on  the  size  of  the  drop.  An  additional 
precaution  is  necessary  and  that  is  to  keep  the  lower  surface  of  the 
dropper  free  from  clinging  air  bubbles.  The  needle  which  is  used  for 
drawing  the  blood  is  inserted  with  the  bevel  facing  downward  and  is 
held  in  that  position  with  s%ht  upward  tension  on  the  vein.by  the  «od 
of  block  tin. 

The  two  methods  described  for  testing  the  accuracy  of  the  instru- 
ment are  the  methods  also  used  in  calibrating  the  instrument  in  quan- 
titative experiments. 

If  the  first  method  is  used  (calibration  by  injection),  the  flow  of 
blood  from  the  tissue  under  study  is  temporarily  shut  oft  and  a  known 
unount  of  solution  run  into  the  vein  above  the  instrument,  the  solu- 
tion after  passii^  the  instrument  entering  the  general  circulation. 

In  the  second  method  (caUbration  by  bleeding),  the  blood  passing 
the  instrument  during  the  period  of  caUbration  ia  lost  to  the  animal. 

Calibration  by  bleeding  is  the  simplest  method  and  the  one  to  be 
preferred,  but  the  method  selected  will  depend  upon  the  amount  of 
blood  flowing  from  the  tissue  and  the  degree  to  which  hemorrhage 
affects  the  experiment.  The  period  of  caUbration,  at  the  most,  need 
not  be  much  over  a  half-minute,  and  in  such  a  case  as  the  submaxiUary 
gland  the  loss  of  blood  is  negUgible  and  therefore  caUbration  by  bleed- 
ing is  the  method  of  choice  (should  the  loss  of  even  small  quantities 
of  blood  be  detrimental  to  the  experiment,  reinjection  of  the  blood 
which  passes  the  instrument  should  be  an  easy  matter).  Where  the 
blood  Sow  is  freer,  as  in  the  case  of  the  kidney,  calibration  by  injection 
is  the  method  of  choice. 

If  a  caUbration  is  to  be  of  service  for  any  length  of  time  we  must  be 
sure  that  the  caUber  of  the  vein  does  not  vary.  The  greatest  source 
of  caUber  change  is  drying  of  the  vein.  This  can  be  avoided  by  the 
use  of  absorbent  cotton  moistened  in  saUne  which,  pulled  out  into  a 
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thin  dieet  ia  li^t  enough  to  offer  no  impediment  to  the  flow  of  blood 
when  pbced  on  the  vein.  The  whole  of  the  CKpoBed  vein  with  the 
exception  of  the  put  id  the  trough  is  covered  and  with  an  occanonsJ 
moistening  of  the  cotton  and  an  occaaonal  drop  of  aaline  in  the  trough, 
the  vein  keeps  in  perfect  condition  throu^  prolonged  experiment* 
up  to  death.  Taking  such  precautiona  I  have  found  the  calibration  to 
remain  constant  for  periods  of  an  hour  and  a  half  or  more. 

The  automatic  volume-flow  recorder  was  developed  primarily  for 
studying  the  volimie-flow  of  blood  tbrou^  the  submaxillary  gland. 
It  has,  however,  a  wider  application.  The  blood  of  any  of  the  tissues 
such  as  skin,  fat,  bone  or  muscle  that  can  be  led  into  a  larger  vein,  can 
be  measured.  The  instrument  is  so  shaped  that  it  can  be  inserted 
into  the  abdomen.  It  ia  therefore  possible  to  measure  with  it  the  flow 
of  blood  throu^  the  adrenal  glands,  for  example.  Id  a  few  experi- 
n^te  in  which  the  volume-flow  of  the  kidney  was  measured,  the 
method  proved  satisfactory.  For  recording  the  flow  of  this  organ, 
the  inferior  vena  cava  serves  as  the  reservoir  under  the  emptying-plate. 
By  ligating  the  cava  at  the  iliac  bifurcation,  a  reservoir  of  maximum 
aiie  is  obtained.  Whether  this  reservoir  is  of  sufficient  aixe  to  accom- 
modate the  volume^ow  of  any  kidney  under  any  condition  has  not 
been  determined.  The  application  of  the  method  to  various  organs 
and  tissues  is  a  problem  in  itself  which  has  not  been  thorou^y  looked 
into. 


An  automatic  and  bloodless  method  of  recording  the  volume-flow  of 
blood  is  described. 

With  this  method  the  blood,  without  coming  in  contact  with  any 
foreign  substance,  is  measured  as  it  flows  through  a  vein  on  its  way  to 
the  heart. 

The  blood  to  be  measured  is  led  into  a  large  vein.  This  vein,  serv- 
ing as  a  nwrvoir,  is  placed  in  the  trough  of  tho  volume-flow  recorder. 

By  means  of  solenoids  and  electrical  contacts  operating  a  cut-off 
and  an  emptying-plate,  the  vein  automatically  fills  and  empties,  the 
I>I(mm1  flowing  o"  to  the  heart. 

Thr  frcquonry  of  filling  an<l  emptying  varira  in  direct  proportion  to 
the  volume-flow  of  blood  and  is  recorde<l  by  a  nignal  magnet  in  circuit 
with  one  of  the  Milenoiils. 

The  ca|iaoity  of  the  vein  lying  in  the  trough  may  lie  varied  mechan- 
irnlly  by  ruirting  or  lowering  the  cut-off  contact.    Thin  adjustment 
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pennits  the  adaptation  of  the  instrument  to  different  rates  of  blood- 
flow. 

The  method  may  be  used  to  measure  the  volume-flow  of  blood  from 
a  number  of  tissues.  Its  full  application,  however,  has  not  yet  been 
worked  out. 

The  advant^jes  of  the  method  are:  o,  by  caUbration  of  the  vein 
the  procedure  is  made  quantitative  without  the  usual  direct  measure- 
ments of  the  blood;  b,  it  is  automatic  and  therefore  requires  very  little 
attention;  c,  it  is  bloodless  and  therefore  does  not  require  the  use  of 
anti-coagulants;  and  d,  it  may  be  used  over  long  periods  of  time  with- 
out affecting  the  general  condition  of  the  animal. 
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INTRODUCTOBT 

The  original  purpose  of  this  paper  was  to  study  in  detail  c«rtaiii 
phases  of  the  electrical  deflections  of  the  salivary  gland  in  an  attempt 
to  reach  an  interpretatiou  of  the  components  described  in  the  firvt 
paper.  For  an  understanding  of  the  significance  of  these  components 
an  insight  into  the  nature  and  sequence  of  the  metabolic  processes 
occurring  during  secretion,  recovery  and  rest  ia  needed  and  for 
that  reason  the  metabolism  of  the  gland  was  studied  under  varying 
conditions. 

niule  this  work  was  in  progress  it  assumed  a  practical  as  well  as  a 
purely  theoretical  inter^rt  in  connection  with  the  problem  of  shock. 
Though  shock  may  be  initiated  by  a  variety  of  forms  of  tissue  abuse — 
anaesthesia,  cold,  fatigue,  thirst,  etc.,  along  with  inflicted  injury — 
the  disturbances  set  up  by  these  forms  of  tissue  abuse  mi^t  in  numy 
instances  be  of  lower  importance  were  it  not  for  their  associated  cir- 
culatory disturbances.  Even  after  largely  removing  the  initiating 
causes  of  shock  their  detrimental  effects  on  volume-flow  may  persist 
and  help  to  sustain  the  condition*. 

Since  normal  as  well  as  abused  tissues  are  dependent  upon  an  ade- 
quate volume-flow  of  blood  the  effects  of  decreased  flow  appeared  to 
be  most  important,  the  most  aroonahle  to  study  and  to  treatment.  It 
is  a  matter  of  some  importance,  therefore,  to  determine  the  flow  which 
is  a«lpquate  for  normal  nutrition. 

■  Reported  in  pftrt  before  the  Ameriran  PhyRiologickl  Society,  Proeeedingi  in 
thu  Jounul.  1018,  ziv.  My 

*  See  pkge  WV  of  paper  IV  for  s  fuller  dincuMtoD 
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The  question  .of  determiniDg  the  minimal  flow  of  blood  necessary  to 
maintain  the  tissues  in  a  normal  condition  is  by  no  means  an  easy  one 
for  we  know  that  tissues,  even  though  the  flow  of  blood  is  very  low  or 
even  absent,  may  vigorously  respond  to  stimulation.  Tissues  there- 
fore, evidently  posseas  a  factor  of  safety  both  in  the  form  of  stored 
energy  and  in  the  fonn  of  ability  to  work  under  unfavorable  conditions 
for  a  long  period  of  time  without  sustaining  injury,  but  on  the  other 
band  there  is  the  possibility  that  tissues  apparently  responding  in  a 
normal  way  may  be  undergoing  a  progressive  decline.  It  seeoied  that 
this  question  could  be  elucidated  in  part  by  a  study  of  the  mechanism 
regiilating  the  volume-flow  in  both  active  and  resting  tissue  by  the 
methods  developed  in  the  study  of  electrical  deflections  of  the  sub- 
maxillary gland. 

The  view  that  vaso-dilator  nerves  are  of  fundamental  importance  in 
producing  increased  blood-flow  during  tissue  activation  is  accepted  by 
many.  Others  believe  that  the  action  of  vasodilator  fibers  has  not 
been  definitely  proved  and  that  the  increased  metabolism  always  pre- 
cedes and  is  the  peripheral  chemical  cause  of  the  increased  flow  of 
blo(xl.     (Gaskell,  Barcroft  and  Henderson  and  Loewi  and  others.) 

It  was  this  problem  of  the  mechanism  of  the  control  of  volume- 
flow  of  blood,  begun  in  connection  with  the  observations  of  the  syn- 
chronous fluctuation  of  the  electrical  deflection,  of  secretion  and  of 
volume-flow  of  blood  accompanying  proIongc<l  chorda  stiniutalioD 
that  I  was  studjang  when  the  interest  in  chock  developed.  (See  fig.  I.) 
It  seemed  that  the  two  prohlenis.  the  theorrtical  and  the  practical, 
might  be  followed  simullancou-tly  and  it  should  be  mentioned  here  that 
the  results  in  this  paper  will  he.  eon^iiderei)  primarily  from  a  theoretical 
point  of  view.  Their  practical  application  nill  l>c  connidcred  in  the 
following  [taper. 

THEORETIC  AI, 

^Micn  the  chorda  lingual  nerve  is  fltimulat«>d  for  a  period  of  a  minute 
or  more  and  the  aSHociatc<l  electrical  deflection  recorded,  crests  1,  2 
and  3  usually  appear.  If  the  necn-tion  and  the  volume-flow  of  blood 
are  Ukcwixe  reconlc*!  fluctuations  corresponding  with  crests  2  and  3 
occur.     (Si-efig.  1.) 

These  fluctuations  in  sccn-tion  mny  Ix;  v-arioucly  explained.  They 
may  be  due  to  cauws  other  thnn  the  HynchronouH  chiuigi*  in  volmne- 
flow  of  blood  biit  if  voliune-tlow  is  a  factor  it  i»  a  question  of  theoreti- 
cal  and   practical  inlercHt  to  know  the  M-<|uence  of  events;  whether 
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increased  volume-flow  of  blood  ia  primary,  accelerating  secretioD,  or 
whether  it  is  secondary  to  an  accumulation  of  metabolites  accelerating 
the  volume-flow  of  blood. 

Causes  of  secretory  fiuctuattom  during  prolonged  chorda  stimulation, 
a.  The  fluctuations  in  secretion  may  be  the  result  of  inhibitory  action 
of  the  chorda  tympani  fibers  upon  the  secreting  cells;  thus  Langley 
(1)  found  after  incomplete  paralytic  doses  of  nicotine  that  salivary 
secretion  produced  by  chorda  stimulation  was  mainly  an  after-effect. 
Dale  and  Laidlaw  (2)  likewise  noted  that  if  the  chorda  tympani  is 
stimulated  during  the  rapid  secretion  occurring  at  the  cessation  of  the 


Fig.  2.  After-Bee  re  tioD  showing  effect  of  short  chords  stimulation.  >S.,  sali- 
vary secretion,  E.,  electrical  deflection,  C,  chorda  stimulation.    - 

original  stimulation,  the  secretion  is  again  retarded.  Applying  this 
observation  to  more  normal  conditions,  they  state  that 

there  is  an  indication  of  double  effect  of  the  chorda  even  before  the  administra- 
tion of  an  alkaloid,  in  that  the  rate  of  secretion  falls  off  towards  the  end  of  pro- 
longed stimulation  to  be  accelerated  again  at  the  end  of  stimulation. 

In  this  research  these  results  have  been  repeatedly  confirmed.  See 
the  effect  of  prolonged  chorda  stimulation  on  secretory  fluctuations  in 
figure  1  followed  by  an  after-secretion.  In  figure  2  note  the  effects  of 
short  stimulation  during  the  period  of  after-secretion.  The  primary 
increase  in  rate  of  salivary  flow  suggests  a  contraction  of  the  ducts 
expressing  the  contained  secretion.  The  subsequent  period  of  retarded 
flow  suggests  a  dilatation  of  the  ducts  taking  up  the  steady  after-secre- 
tion. These  results  bring  into  question  whether  in  the  case  of  pro- 
longed chorda  stimulation  the  slowing  of  secretion  following  the  first 
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rapid  secretion  is  an  effect  of  secretory  inhibitory  fiber*  or  ie  due  to 
changes  in  caliber  of  the  salivary  ducts. 

b.  The  fluctuatioDB  of  secretion  may  also  be  connected  with  varia- 
tioD  in  the  amount  of  water  directly  at  the  disposal  of  the  cells  for 
secretion;  for  Barcroft  (3)  found  it  necessary  to  ignore  the  first 
minute  of  stimulation  to  obtain  a  constant  reUtion  between  the  amount 
of  saliva  secreted  and  the  amount  of  water  lost  by  the  blood  in  passing 
throu^  the  gland.  The  observations  of  Bunch  (4)  on  volume  changes 
in  the  ^and  during  chorda  stimulation  point  in  the  some  direction. 

e.  A  possible  factor  operating  to  produce  secretory  fluctuations  is 
the  effect  which  a  sudden  increase  in  metabolism  itself  has  upon  sub- 
sequent metabolism,  as  demonstrated  in  the  staircase  phenomenon  in 
a  series  of  muscular  contractions.  A  concentration  of  metabolites 
developed  during  the  period  in  which  the  preformed  saliva  is  being 
Uberated  might  have  an  effect  upon  further  response  to  prolonged 
chorda  stimulation. 

d  and  e.  Two  other  poesible  explanations  of  the  fluctuation  in  secre- 
tion  have  to  do  with  the  interdependence  of  volume-flow  of  blood  and 
metabolism,  the  particular  phase  of  the  problem  in  which  we  are  now 
interested. 

The  second  increase  in  secretion  may  be  due  to  the  second  increase  in 
volume-flow  of  blood,  but  on  the  other  hand  the  increase  in  vdume- 
flow  of  blood  may  foUow  an  increase  in  metabolites  resulting  from  the 
fnereased  secretion. 

To  throw  light  on  this  question  of  the  control  of  volume-fiow  and 
OD  the  dependence  of  nutrition  on  volume-flow  certain  mechanical, 
nervous  and  chemical  factors  affecting  flow  of  blood  were  studied. 

The  effed  of  arterial  compreaaion  on  the  retponte  of  Uu  gland  to  ttimu- 
lation  of  the  chorda  tymjmni.  Interference  with  the  blood-flow  to  the 
^and  should  permit  the  study  of  combined  effects  of  ischaemia  and  of 
greator  concentration  <^  metaboUtes  during  chorda  stimulation. 
Though  considerable  work  has  been  done  on  this  problem  (5),  (6), 
(7)  and  (8),  I  was  interested,  during  the  study  of  electrical  deflections 
in  another  phase,  namely,  the  effects  of  art«rial  compression  on  the 
electrical  deflections.    Some  results  then  obtained  are  given  here. 

Assuming  that  compression  of  the  artery  invariably  decreases  the 
volume-flow  of  blood,  we  might  expect  a  uniformity  of  results.  For 
the  most  part  a  decrease  in  the  renponse  of  the  gland  to  stimulation 
occurred  but  striking  exceptions  were  noted.  I  hesitate  to  describe 
thefte  results  for  the  reason  that  they  have  not  been  noted  by  othen 
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and  that  later  when  an  interpretation  of  the  resulte  was  sought  by  a 
synchronous  record  of  the  volume-flow  of  blood,  they  could  not  be 
duplicated.  They  must,  therefore,  be  taken  for  what  they  are  worth. 
Figure  3,  A,  of  experiment  46  shows  the  results  of  chorda  stimulation 
with  and  without  compression  of  the  artery.  Compression  in  each 
instance  accelerates  secretion  with  an  apparent  alteration  of  the  proc- 
esses of  secretion.    At  least  this  is  suggeBt«d  by  the  electrical  deflec- 


Fig.  3.  Records  showing  effect  of  arterial  obstructioo  on  secretion  and  elec- 
trical deflection  with  chorda  Btimulation.  The  records  marked  0  were  obtained 
during  obstruction.    Figures  3  A  and  B  are  from  exp.  46,  figure  3  C  from  exp.  47. 

tion,  for  the  deflection  on  compression  is  increased  out  of  all  propor- 
tion to  the  acceleration  of  the  secretion. 

Figure  3,  B,  of  experiment  46  shows  the  effect  of  carotid  compres- 
sion during  prolonged  chorda  stimulation.  The  acceleration  in  secre- 
tion and  the  disproportionate  increase  in  the  deflection  occur  again. 
Another  point  in  this  record  exciting  speculation  is  that  although 
crests  2  and  3  appear  during  chorda  stimulation  before  obstruction, 
they  are  duplicated  by  arterial  obstruction.     In  figure  3,  C,  experiment 
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47,  the  enhuicinft  effects  of  arteri&l  compreseion  are  small  and  tranri- 
tory  yet  the  acceleration  of  secretion  with  the  duplication  of  crests 
2  and  3  occurs  again. 

Hie  experhnente  indicate  the  possibility  of  a  transitory  stimulation 
by  certain  pad^  of  ischaemia.  The  possibility  that  the  response 
mif^t  be  due  to  an  effect  of  central  asphyxia  transmitted  to  the  gHaad 
thit>u^  the  sympathetic  fibers  occurred  to  me  too  late  to  make  the 
necessary  controls. 

Obtervaiioju  on  Oit  volume-fiovi  of  blood  during  prolonged  cJiorda  itimu- 
lation  urithout  carotid  obttruetion.  While  scHne  of  the  results  of  arterial 
compression  might  suggest  that  certain  grades  of  asphyxia  have  an 
enhancing  effect  on  secretion,  the  records  of  volume-flow  during  chorda 
stimulation  in  agreement  with  most  of  the  results  obtained  with 
arterial  compression,  seem  to  suggest  the  reverse.  For  they  show 
fluctuations  in  volume^ow  running  parallel  with  the  fluctuations  in 
secretion  and  electrical  deflections.    (See  fig.  1). 

llie  interpretation  of  these  results  depends  upon  the  exact  sequence 
of  changes  in  secretion  and  in  the  volume-flow  of  blood  and  upon  the 
extent  the  two  are  dependent  on  each  other.  An  answer  to  this  ques- 
tion might  decide  the  issue  between  the  metabolite  and  the  vaso- 
motor nerve  control  of  volume-flow  of  blood. 

The  fluctuations  in  volume-flow  are  probably  hot  due  to  the  abstrac- 
tion of  water  from  the  blood,  for  in  the  first  place  the  secretion  formed 
is  not  as  great  as  the  fluctuation  in  the  volume-flow.  In  the  second 
place,  identical  changes  in  volimie-flow  of  blood  can  be  eUcited  by  a 
weak  stimulation  that  fails  to  produce  secretion  in  the  normal  gtand, 
and  by  strong  stimulation  of  the  chorda  tympani  after  a  paralytic 
injection  of  atropin  sulphate.  The  flucttutions  in  volume-flow  of 
blood,  therefore,  appear  to  be  vasomotor  phenomena,  either  of  nervous 
or  metalralic  origin. 

a.  It  is  difficult  to  devise  a  direct  experiment  to  determine  the  time 
relations  between  vasodilatation  and  metabolism  (secretion)  owing  to 
the  difficulty  in  determining  the  moment  of  vasodilatation.  The 
latent  period  of  necretion  elicited  by  chorda  stimulation  as  measured 
by  the  appearance  of  saUva  is  variable  but  when  measured  by  the 
electrical  deflection  the  rraponse  of  the  gland  is  prompt,  ho  that  the 
mfimont  of  ntimulation  marks  rl<w«>ly  the  beginning  of  secretion.  The 
latent  period  of  dilatation  as  meaHuretl  by  incrcBM-d  volume-flow  of 
blocMl  is  prolting^-d  by  the  filling  of  the  capillary  bod. 
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b.  Atropinization  experiments  seemed  for  a  time  to  give  direct 
evidence  of  independent  aystems  of  fibers,  vasodilator  and  secretory, 
for  after  apparently  par^yzing  the  secretory  function  of  the  chorda 
tympani  fibers,  electrical  stimulation  still  produces  an  increase  in 
volume-flow  of  blood  suggesting  the  unimportance  of  metab- 
olites. Barcroft  (9),  however,  finds  even  after  atropinization  chorda 
stimulation  still  accelerates  the  gaseous  metabolism  of  the  gland  and, 
therefore,  the  metabolite  theory  of  vasodilatation  is  not  invalidated. 

c.  Another  apparently  direct  method  which  has  been  used  to  dem- 
onstrate the  presence  of  two  sets  of  fibers  is  the  grading  of  stimulation. 
Fibers  differing  so  much  in  function  as  secretory  and  vasodilator  fibers 
might  well  differ  in  their  threshold  of  stimulation.  ^  number  of  work- 
ers have  ehcited,  with  weak  stimulation,  an  increased  volume-flow  of 
blood  without  an  accompanying  secretion,  concluding  the  presence  of 
both  types  of  fibers  in  the  chorda  tympani.  I  have  had  no  difficulty 
in  dupUcating  these  results,  but  eynchroaous  records  of  the  electrical 
deflections  suggest  that  even  though  the  conclusion  regarding  the 
presence  of  the  two  sets  of  fibers  may  be  correct,  it  is  not  well  founded. 
When  a  stimulus  just  below  the  threshold  for  visible  secretion  is  em- 
ployed, a  typical  deflection,  though  not  as  high  as  the  deflection  accom- 
panying secretion,  is  obtained.  Though  with  decreasing  strength  of 
stimulation  the  deflection  decreases  in  ampUtude  along  with  the 
decrease  in  volume-flow  of  blood,  it  still  possesses  its  usual  contour. 
The  deflection  and  the  increased  volume-flow  of  blood  finally  disappear 
together,  therefore,  if  the  two  sets  of  fibers  do  exist  they  appear  to 
have  the  same  threshold  of  stimulation;  or.  stated  in  another  way, 
with  chorda  stimulation  we  never  obtained  increased  volume-flow  of 
blood  without  an  accompanying  increased  metabolism.' 

The  vaUdity  of  this  statement  depends  upon  the  interpretation  of 
the  electrical  deflection  and  it  should  be  stated  here  that  the  deflec- 
tions cannot  be  accounted  for  by  changes  in  volume-flow  of  blood 
per  se. 

The  direct  methods  of  measuring  the  latent  periods  of  secretion  and 
vasodilatation,  of  paralyzing  one  set  of  fibers,  leaving  the  other  intact, 
and  selective  stimulation  by  grading  of  stimulation,  have  failed,  there- 
fore, to  give  conclusive  data.  A  further  search  for  direct  methods 
proving  unsuccessful,  an  endeavor  was  made  to  gain  the  desired  infor- 
mation by  indirect  methods.  It  was  hoped  that  in  this  way  a  mass  of 
indirect  evidence  might  be  obtained  from  which  conclusions  in  favor  of 
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olism  is  suggestive  of  a  purposive  mechanism  of  volume-flow  control. 
The  value  of  the  results  in  their  bearing  on  the  theory  of  control  is  to 
some  extent  a  matter  of  opinion — the  question  is  whether  or  not  we 
might  expect  bo  fine  an  adjustment  of  flow  with  stimulation  of  vaso- 
motor fibers  entirely  independent  of  metabolism.  Would  one  be 
justified  in  expecting,  under  independent  control,  an  occasional  dis- 
turbance of  adjustment?  For  this  reason  the  observations  were 
repeated  in  six  animals.  In  twelve  curves  plotted  the  linear  relation 
held. 


Fig.  5 


Fig.  6 
n  ordioates  against  drops 


Fig,  5.  Curve  of  superb&sal-flow  of  blood  pitftted  o 
of  aecretioD  on  the  abBcisaas. 

Fig.  6.  Effects  of  arterial  obstructioD  on  the  baaal-flow  of  blood.  The  carotid 
artery  was  obstructed  at  A  and  released  at  C.  Normal  flow  at  A.  The  blood 
pressure  at  A  and  D  is  equal. 


The  relation  of  basal  flow  of  blood  to  basal  meUd)oHsm.  To  teat  the 
assumption  made  above,  that  the  basal  flow  of  blood  also  bears  a 
linear  relation  to  basal  metabolism  the  effect  of  depriving  the  gland  of 
its  normal  flow  of  blood  was  studied.  I  hoped  by  producing  asphyxial 
conditions  of  different  degrees  (time  of  obstruction)  and  measuring  the 
after  acceleration  of  blood-flow  during  recovery  when  the  obstruction 
is  removed,  that  a  quantitative  study  of  the  relation  of  volume-flow 
to  basal  metabolism  might  be  made. 

The  effects  of  partially  obstructing  the  artery  for  a  few  minutes  are 
shown  in  figure  6  in  which  the  volume-flow  of  blood  is  plotted  on  the 
ordinates  against  time  on   the  abscissas.     Alter  diminution  of   the 
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volume-flow  to  the  minimum  at  B  there  is  a  steady  accclfration  up  to 
C,  where  the  obstruction  is  removed.  Then  follows  a  flow  consider- 
ably faster  but  soon  rctuminft  to  normal. 

The  effects  of  obetniction  are  strikinx  and  the  method,  therefore, 
Kftve  promise  of  yielding  quantitative  data.  But  a  difiioulty  in  inter- 
pretation became  apparent,  in  the  form  of  an  additional  variable, — the 
effect  of  tension  on  the  tone  of  blood  vetutels — making  a  quantitatix'e 
study  of  the  effect  of  asph>'xia  difficult.  The  effect  of  tciLsion  on 
bloo<l  venaoU  was  pointed  out  by  Bayliiw  (14).  The  same  effect  of 
tension  on  the  tone  of  the  auricle  of  the  turtle  was  also  noted  by  m>'Kelf 
(15).  Increasing  the  filling  tension  of  an  automatically  beating  auricle 
suddenly  increases  the  auricular  volume,  followed  by  a  development 
of  tonus  88  shown  by  a  slowly  decreasing  volume.  Thi-se  volume 
curves  resemble  somewhat  the  curve  of  volume-flow  of  blotxl  in  figure 
6.  This  method  for  delennining  the  relation  of  basal-flow  to  basal 
metalKtlism,  therefore,  in  not  quantitative,  for  the  question  naturally 
arises,  how  much  is  the  acceleration  of  bltMHl  flow  from  B  to  ('  and  at 
D  duo  to  the  diminution  of  tone  from  concentration  of  metal>olitos  or 
to  decrease*!  tension;  and  how  much  of  the  decreased  flow  from  D  to 
E  is  due  to  a  washing  out  of  metal>oUtes  or  to  increased  tenxion. 

Thr  relation  of  auperhoMil  flow  of  blood  to  mtperbanal  melaboliim  rntit 
decTfanng  blood  prtMurr.  The  c»l>s<'r  vat  ions  on  this  point  have  a 
double  interest;  one,  in  the  relation  to  the  mechanism  of  volume-flow 
control,  the  other  in  the  relation  to  the  actual  amount  of  superbasal- 
flow  for  a  given  amount  of  work  at  progniwively  lowered  blood  pres- 
sures.    Here  we  arc  inten-ste<l  manly  in  the  former  question. 

With  all  other  conditions  of  the  animal  kept  as  constant  as  possible, 
eigual  amounts  of  s«<cretion  were  elicited  by  chorda  stimulation  at 
progressively  lowen-d  bl(K«i  pressim's  secured  by  haemorrhage.  It 
was  hoped  that  by  plotting  the  cur\'i's  of  secretion  and  the  eur\'eti  of 
volume-flow  the  mechanism  of  volume-flow  might  l>e  siiggestetl.  If 
vasodilatation  and  metaltolism  varv'  independently  of  each  other, 
the  ampUtude  of  the  volume  flow  rur%'e  on  account  of  the  diminution 
in  the  driving  pressure,  would  Ix-  dimini»hed  but  the  time  relations  of 
the  two  cur\-es  would  remain  the  snme.  If  metalxililes  have  an  effect, 
the  amplitude  of  the  volume-flow  curve  may  likewise  Ix*  reduced,  the 
accelemteil  volume -flow  of  blntxl,  however,  would  lx>  prolonged  imtil 
the  metnbolit<-s  were  dis]MKi4-<)  of,  counteracting  the  decreasing  blood 
pressure  and  tending  to  keep  the  su|M>TlHisul-fl«w  constant. 


Digitized  by  VjOOQIC 


FACTORS   CONTROLLING   VOLDME-FLOW   OF   BLOOD 


451 


A  series  of  curves  of  secretion  and  volume-flow  of  blood  are  shown 
in  figure  7.  In  each  instance  approximately  eight  drops  of  saliva  were 
elicited.  The  blood  pressures  at  which  stimulation  occurred  are 
designated.  The  curves  beginning  above  the  base  line  are  curves  of 
volume-fiow  of  blood,  the  horizontal  portion  preceding  chorda  stimula- 
tion representing  the  baaal-flow  of  blood.  The  triangular  portion 
above  the  basal-Sow  represents  the  superbasal-flow  (for  data  see  table 
1).  With  decreasing  blood  pressure  the  area  of  the  triangle  diminishes 
and  at  about  34  nmi.  Hg.  the  flow  of  blood  is  no  longer  increased  by 
chorda  stimulation.    At  lower  pressures  the  flow  is  actually  decreased. 


Fig.  7.  Curves  Bhowing  both  baaal  and  superbassl-How  of  blood  at  varying 
deeignated  blood  pressures. 

The  practical  importance  of  these  results  in  conditions  of  lowered 
blood  pressure  is  obvious.  In  relation  to  the  theories  of  volume- 
flow  control  the  fact  that  the  superbasal-flow  decreases  so  rapidly  and 
that  the  effect  of  decreased  blood  pressure  is  not  better  counteracted 
seems  to  speak  against  metabolite  control — but  the  very  great  impor- 
tance of  pressure  not  only  as  a  driving  force,  but  also  as  a  stretching 
force,  the  increased  construction  of  central  origin  from  haemorrhage 
and  the  possibility  of  passive  constriction  with  decreasing  head  of 
pressure,  might  overrule  this  objection  and  will  be  discussed  later.    The 
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fart  that  the  decreased  pressure  is  somewhat  counteracted,  as  e\-iilenced 
by  the  prolonpition  of  the  after>flow,  indicates  that  the  volume-flow   ' 
of  blood  is  iu  part,  at  least,  dependent  on  metabolites. 

The  relation  of  baeal-fiow  of  blood  to  mean  blood  prensure.  There 
seemB  to  be  little  quantitative  data  on  record  on  the  relation  of  basal- 
flow  of  blood  to  (Iccreaaetl  blood  pressure  produced  by  haemorrhage. 
If  driving  pressure  is  the  only  variable,  the  volume>flow  of  blocMl 
would  steadily  decrease  and  when  plotted  on  the  ordinatcs  afcainiit 
blood  pressure  on  the  abscissas  would  l)e  represented  by  a  straiicht 
lino.  If  a  deflection  of  this  curve  occurs  some  other  variable  has 
come  into  play. 

TABIJ;  I 


I 


I 


IB  0 
17.4 

17.2 
lA.O 

leo 

13.7 


Thi-»M'  fsiieriments  were  ix'rfonned  to  find  how  the  volume-flow  of 
bliKxl  iit  iifTi'ctfd  by  a  fall  in  pressure,  in  other  words  whether  the 
tliliitiiiK  effct't  of  nK'tiilM)lititi  niiKht  l)e  demonstrated  by  a  tiendinx  of 
the  ^ur^■^.  itnd  by  this  iM-ndinn  the  volinne-t^ow  of  bUxMl  ne<-cs.«ar>'  for 
niinniil  li>Mie  metnlxilium  miKht  l)e  deli-miiiicd.  It  wemed  thai  (he 
vohiiiH-llow  niijtht  decrfii-K*  with  Ihc  fidl  in  pn-ssure  up  to  a  [Miint 
whrrt'  the  flow  of  bliKx]  wim  no  InnKiT  Kuftii'icnt  to  rnrnr' off  the  metab- 
olites, pennittintc  a  wifTieifnt  eonnpitnition  to  affect  VftModiliitation. 
or  an  upward  Ix'nd  of  the  ciir^c.  Thit  would  counteract  the  decreiu- 
ioK  hcud  of  prcNxun-  and  tend  (o  keep  a  C'>n>tnnt  volume-How  artinit 
an  a  protective  tnechimi-'m  to  niuinliiin  ailetiunte  nutrition.  The 
point  at  which  the  rapid  dcrrea-x-  in  volnine-tlow  of  bliNxl  ift  cheeked 
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by  the  hypothetical  concentration  o!  metabolites  would  indicate  ap- 
proximately the  volume-flow  rasential  to  the  tissues. 

The  basat-flow  of  blood  was  measured  by  the  drop  method  and 
plotted  on  the  ordinates  against  mean  blood  pressure  on  the  abscissas. 
(See  fig.  8.) 

Since  the  flow  of  blood  is  not  represented  by  a  straight  line,  accord- 
ing to  the  law  of  Poiseuille,  driving  pressure  cannot  be  the  only  vari- 
able. One  or  more  additional  factors  equally  as  important  enter  into 
play  dividing  the  curve  into  three  distinct  parts — the  first,  in  which 
the  flow  decreases  decidedly  faster  than  the  fall  in  blood  pressure;  the 
second,  or  the  plateau,  in  which  the  rapid  decrease  is  checked;  the 
third,  in  which  the  flow  again  decreases  faster  than  the  fall  in  pressure. 


Fig.  8.  Curve  of  basal  flow  of  blood  obtained  in  a  haemorrhage  experiment. 
Flow  ie  plotted  on  the  ordinates  against  blood  pressure  on  the  abscissaa. 

The  change  in  flow  during  the  second  period  is  variable.  The  flow 
may  decrease  but  always  much  more  slowly  than  the  decrease  in  pres- 
sure, it  may  remain  constant  or  in  some  instances  actuaUy  increase. 
Despite  the  agreement  of  the  curve  with  the  working  hypothesis,  a 
checking  up  of  the  factors  controlling  volume-flow  seemed  called  for. 

The  three  main  factors  determining  the  rate  of  flow  are  driving  pres- 
sure, viscosity  of  the  blood  and  caliber  of  the  vessels. 

Viscosity.  The  viscosity  of  the  blood  depends  primarily  upon  the 
nimiber  of  corpuscles.  In  haemorrhage  there  is  a  progressive  dilution 
of  blood  from  the  outset.  The  rapid  fall  in  volume-flow  cannot  be 
attributed  to,  but  actually  is  counteracted  by  dilution  of  the  blood. 
That  the  sharp  bend  in  the  curve  cannot  be  attributed  to  the  counter- 
acting influence  of  dilution  is  also  certain.     In  some  animals  in  which 
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the  blood  dilutes  rapully  the  derreaiiod  viscosity  may  be  a  factor  of 
some  importance,  but  in  these  experiments  on  the  dog  in  which  the 
percentage  of  corpuscles  was  followed,  the  slow  and  even  dilution  of 
the  blood  nilesout  viscosity  as  an  important  factor.  (See  %.4,exp.87, 
paxe  485.) 

Injecting  7  por  cent  Kum  acacia  to  raise  the  pressure  after  extensive 
haemorrhaRe  produces  a  volume-flow  of  blood  greater  for  the  same 
head  of  pressure  during  the  hacmorrbage.  This  may  be  explained 
either  by  a  dilution  of  the  hlood  decreasing  the  viscosity  or  by  a  dilata- 
tion of  the  vessels  permitting  a  greater  flow.  The  point  of  interest  is 
that  the  contour  of  the  injection  curve  of  flow  duplicates  the  haemor- 
rhage curve.     (See  fig.  7,  exp.  49.  page  490.) 

The  converse  also  holds.  Vihen  the  blood  pressure  is  rcduce<l  by 
tissue  abuse  it  is  accompanied  by  a  concentration  of  the  blood  >'Ct  the 
curve  of  volume-flow  is  ossontially  the  same  as  in  haemorrhage.  Chang- 
ing viscosity  of  the  blood,  therefore,  affects  but  little  the  contour  of 
the  volume-flow  cur\'e.     (See  fig.  7,  exp.  48  and  40,  page  490.) 

Caiiber  of  the  vesaeh.  The  breaks  in  the  curve,  therefore,  arc  due 
mainly,  to  a  change  in  caliber  of  the  vessels.  In  part  1  there  is  a  con- 
striction; in  part  2  a  checking  of  this  constriction,  in  part  3  a  second 
constriction. 

The  grulient  of  the  first  part  of  the  cur\'e  and  the  point  at  which  it 
is  cherke<t  varies  in  different  animals  and  apparently  depends  upon  a 
numt>er  of  factors — the  tonus  of  the  blood  vessels  at  the  beginning  of 
haemorrhage  and  the  relative  importance  of  acti\'e  and  passive  con- 
striction. In  haemorrhage  active  constriction  is  a  well-known  reac- 
■tion.  One  frequently  meets  with  animals  reacting  to  a  large  haemor- 
rhage with  a  rise  instead  of  a  fall  in  blood  pressure,  the  volume-flow 
of  blood  markntly  decreasing. 

Every  effort  was  made  to  avoid  compUcating  the  cur\-c  with  the 
cfTccts  of  cold  and  of  inflanunation.  In  the  fintt  place,  the  gland  is 
ilis.tocted  carefully.  I'>equently,  when  the  veins  are  conveniently 
placed,  the  dissection  re()uin>H  no  manipulation  of  the  gland  whatever. 
The  gland  is  re-covere<l  by  the  overlying  skin  and  a  protecting  layer  of 
gauze.  That  a  more  or  less  permanent  change  in  the  vcKsels,  such  as  is 
asH()ciate<l  with  inflammation,  dous  not  occur  is  shown  in  the  rennjec- 
tion  experiments,  where  the  volume-flow  cur\'e  with  decreasing  pres- 
sure is  duplicatetl  on  inon^asing  the  pressure  by  gum  acacia  injection. 
(St-e  fig.  6,  page  441),  and  fig.  7,  exp.  49,  page  4W.) 

The  decreast;  in  the  volume-flow  of  blood  in  the  fir«t  part  of  the  curve 
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during  baemoirhage  with  a  rise  in  pressure  can  therefore  be  safely 
attributed  to  active  vasoconstrictioD  of  central  origin.  This  active 
constriction  may  continue  with  the  fall  in  blood  pressure.  The  bend 
in  the  curve  initiating  the  plateau  maymark  the  point  frhere  the  vaso- 
motor center  is  losing  its  tonus.  It  may  also  mark  the  point  where 
the  concentration  of  metabolites  becomes  such  that  its  peripheral 
dilating  effect  counteracts  the  constriction  and  fall  in  blood  pressure. 

The  effect  of  vtmo-aymp(Ubetic  section  on  the  curve  of  volume-fimo.  By 
measuring  the  volume-flow  of  blood  from  both  glands  with  the  vago- 
sympathetic intact  on  one  side  and  cut  on  the  other  we  liave  appar- 
ently a  simple  method  for  determining  the  relative  importance  of 
vasomotor  changes  of  central  or  peripheral  origin  in  different  parts  of 
the  volume-Sow  curve.  But  the  effects  of  section  of  one  nerve  proved 
to  be  a  problem  in  itself  and  were  followed  out  only  in  part  at  this  point. 
The  eight  experiments  performed,  however,  were  of  some  value  in 
f umishii^  material  for  the  study  of  volume-flow  control  and  are  there- 
fore described. 

The  flow  was  measured  by  the  drop  method;  the  animal  was  bled 
continuously  up  to  death  through  the  two  glands.  At  the  beginning 
of  the  experiment  the  vagosympathetic  on  the  right  side  was  cut. 

A  few  experiments  showed  that  the  effects  of  section  of  the  vago- 
sympathetic were  not  always  limited  to  one  side  alone  but  that  dUatar 
tion  of  varying  degree  occurred  on  the  contra-lateral  side  as  well.  On 
section  of  the  nerve,  the  volume-flow  increases  rapidly,  reaching  its 
maximum  in  about  a  minute  and  then  gradually  decreasing.  The 
normal  tone  on  the  side  of  the  cut  nerve  is  usually  reached  in  about 
five  to  seven  minutes.  These  points  are  broi^bt  out  in  figure  9  and  • 
table  2.  In  experiment  79  the  effect  of  section  of  the  vago-sympathetic 
is  apparently  limited  to  the  right  side  alone.  The  slight  increase  in 
volume-flow  of  the  left  side  can  be  attributed  to  the  increased  blood- 
pressure.  On  the  right  side  the  maximum  flow  is  333  per  cent  of 
initial  flow,  but  in  five  minutes  when  the  initial  blood  pressure  is 
reached  again  the  flow  is  54  drops  per  minute,  or  the  initial  rate  The 
tonus  of  the  vessels  of  the  left  gland  in  the  meantime  has  increased 
beyond  the  normal,  the  flow  decreasing  from  36  to  26.6  drops  per 
minute. 

In  experiment  78  the  effect  of  nerve  section  is  definitely  bilateral, 
for  the  blood  pressure  remains  constant,  yet  the  flow  on  the  left  side  is 
increased.  In  experiments  77  and  80  (no  record  shown)  the  contra- 
lateral dilatation  is  very  marked. 
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If  we  examine  the  curves  of  volume-flow  of  blood  from  experiments 
77  and  80  we  find  that  the  contour  is  very  similar  to  the  contour  of 
curves  obtained  with  the  va^  intact,  and  it  is  siu^hsing  to  find  the 
curves  of  flow  of  the  two  sides  so  nearly  alike  as  shown  in  the  curves 
from  experiment  77.  In  experiment  80  where  the  initial  flow  of  the 
two  glands  (r^ht  66.6  and  left  98.4  drops  per  minute)  varied  con- 
siderably— right  vag04ection  increased  the  flow  of  the  two  glands  to 
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128  and  130  respectively.  On  bleeding,  the  flow  from  both  sides 
remained  so  nearly  alike  at  most  pressures  that  only  one  curve  was 
plotted.  (See  table  2.)  Apparently  the  function  of  the  vt^o-sympa- 
thetic  in  this  experiment  is  thrown  out  more  or  less  completely  on 
both  sides,  so  that  both  curves  may  possibly  be  looked  upon  as  un- 
affected by  central  increased  tonus  working  through  the  vagus  nerves. 
Though  in  these  experiments  we  get  no  decreased  volume-Bow  with 
an  elevated  pressure  or  stationary  pressure,  except  where  the  vessels 
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are  gaining  loet  tone,  curves  77  and  80  show  that  s  definite  vasocoo- 
Btnction  is  taking  place.  This  constriction  may  be  passive  and  due  to 
a  decreased  stretching  head  of  pressure.  Owing  to  the  conflicting 
data  on  the  action  of  adreuin  in  haemorrhage  the  effect  of  this  hormona 
cannot  be  used  to  explain  the  remiltA  (16).  The  curves  show,  at 
least  provided  no  constriction  occiin  through  the  chorda  tympani, 
that  a  fall  in  blood  pressure  when  tmaccompanied  by  an  active  central 


Fix,  10.  ('urTM  of  buftl-flow  of  blood  from  both  aubroudlluy  ^uid*  (howiBg 
tb«  «ITect  of  MctioD  of  tb«  Tm|[o-«yinpftthetie  on  the  rinbt  side. 

constriction  has  serious  effects  on  the  volume-flow  of  blood  out  of  aD 
proportion  to  the  fall  in  prfwure. 

■  The  curves  of  flow  of  oxperimrnts  78  and  79  «how  similar  irregular- 
ities which  are  abo  prt^>nt  though  not  as  well  marked  in  the  remaining 
experimentd  on  ftertion  of  the  vaizoH!)^)! pathetic.  ThcHc  irregularities 
have  not  Itecn  explaincnl  but  the  failure  of  the  volumeWlow  to  decrease 
in  the  urnial  way  with  decn-axing  hea<l  of  pmwure  suggents  some  pe- 
ripheral chemical  effect  such  as  might  result  from  disturbed  metabolism 
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foUowii^  vago-eection  or  some  central  effect   working  through    the 
chorda  tympani,  an  effect  which  was  not  ruled  out. 

In  experiments  78  and  79  the  effects  of  vago-section  were  mainly 
homolateral  yet  the  configuration  of  the  curves  from  j4  to  B  in  each 
pair  is  very  similar.  From  B  to  C,  however,  there  is  a  marked  diver- 
gence— a  rapid  increased  volume-flow  on  the  side  "with  the  nerve  cut 
though  the  pressure  is  falling  and  a  sudden  diminution  in  flow  on  the 
aide  with  the  innervation  intact,  suggesting  a  peripheral  chemical 
dilatation  in  one  gland  and  an  overcoming  of  this  by  constriction 
of  central  origin  in  the  other. 

The  relation  of  alkaline  reserve  to  volume-fiow  of  blood.  This  diver- 
gence of  the  two  curves  brings  up  the  question  of  the  nature  of  the 
metabolite  producing  the  reaction.  The  liberation  of  powerful  dilat- 
ing substances  such  as  have  been  studied  by  Dale  and  Laidlaw  (17), 
Dale  and  Richards  (18)  and  Hunt  (19)  offers  the  possibility  of  an 
effective  mechanism  of  dilatation  during  tissue  activation.  We  must 
look  to  other  substances,  however,  to  explain  this  double  reaction. 

We  know  that  in  conditions  of  lowered  blood  pressure,  particularly 
when  the  respiratory  center  fails  to  respond,  an  increase  in  hydrogen 
ion  concentration  develops  as  a  result  of  the  decreased  carbon  dioxide 
capacity  of  the  blood  and  the  increase  in  concehtration  of  carbon 
dioxide.  And  we  know  the  central  constricting  and  peripheral  dilat- 
ing effects  of  carbon  dioxide.  RIathison  (20)  states  that  there  appears 
to  be  no  reason  for  regarding  the  respiratory  center  as  a  particular 
mechanism  alone  possessing  the  property  of  responding  to  small 
changes  in  COi  tension  of  the  blood.  Hooker,  Wilson  and  Connet 
(21)  found  that  chemicals  which  excite  or  depress  the  respiratory  center 
have  the  same  effect  upon  the  vasomotor  center.  The  absence  of  a 
rise  of  pressure  from  the  administration  of  carbon  dioxide  after  decere- 
bration  was  shown  by  Kaja  and  Starling  (22)  and  by  Henderson  (23).  , 
Hooker  (24)  demonstrated  the  peripheral  dilating  effect  of  CO;  in  the 
perfused  pithed  frog  and  also  (25)  found  COj  to  have  a  speci6c  effect, 
due  to  other  than  its  acid  properties,  on  the  respiratory  center  of  the 
dog.  These  observations  have  more  recently  been  confirmed  by  Scott 
(2fi). 

The  dilating  effects  of  acid  injection  can  be  demonstrated  when  the 
vago-sym pathetic  is  cut  as  is  shown  in  figure  11.  The  injection  pre- 
sumably increases  the  hydrogen  ion  concentration  as  is  indicated  by 
the  increased  pulmonary  ventilation.  When  the  vagi  arc  intact, 
however,  the  results  obtained  are  variable.     Sometimes  the  flow  waa 
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inereaaed,  unaffected  or  decreased.  The  decreased  flow  presumably 
is  a  result  of  constnction  of  central  origin  as  is  suggested  by  an  accom- 
panying rise  of  pressure. 

ReitUion  of  volunu-fiow  to  head  of  preBsure  in  perfused  dead  organ*. 
The  Grat  segment  of  the  curve  of  volume-flow  of  blood  in  the  haemor- 
rhage experiments  may  represent  combined  active  and  passive  con- 
striction, the  second  segment  may  represent  a  cessation  of  both,  giv- 
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Kg.  II.  Record  ■howiof  the  «ffecl  of  acid  iajpciion  on  reapiration  Mid  on  iha 
■mlimni  Wft-r  o(  blood  through  the  lubmudlUry  ^and  with  th«  vatto^ym pathetic 


ing  way  to  a  dilatation  of  central  and  peripheral  origin.  It  seemed  to 
the  point,  therefore,  to  detrrmine  the  relative  importance  of  phyn- 
ological  reactions  and  purely  mechanical  factors. 

Flxceptions  to  PiiJiwuillfl  lawn  have  l>ecn  notnl  by  Denning  and 
Wattton  (2K)  and  others:  o,g.,  Dfnning  and  WatHon  find  that  the  Bow 
of  fluids  through  incxIcnRiblf  tulMtt,  wh(>n  plottiv]  on  the  ordinat«s 
against  head  of  prnwure  on  the  alMciwuui,  is  not  repromntott  by  a  straigfat 
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line  but  by  a  curve  with  the  convexity  down.  The  extent  to  which 
this  bendii^  occurs  increases  with  the  decrease  in  caliber  of  the  ;ubeB 
and  with  an  increase  in  suspended  sohd  particles  in  the  fluid.  Such 
exceptions  along  with  the  possibility  of  a  passive  constriction  ofblood 
'  vessels  accompanying  a  fall  in  blood  pressure  suggested  the  advis- 
ability  of  artificial  perfusion  of  dead  tissue.  Kidneys  of  the  dog  and 
cat,  excised  from  one  to  three  days  previously,  were  perfused  at  room 
temperature  with  ox-blood  diluted  with  7  per  cent  gum  acacia  in  0.9 
per  cent  NaCl  and  also  with  gum  acacia  mixture  alone.  Plotting  the 
volume-flow  on  the  ordinatee  against  driving  pressure  on  the  abscissas 
(Sg.  12)  we  get  curves  showing  a  deviation  from  the  straight  line.  In 
some  instances  the  deviation  is  relatively  slight,  but  frequently  results 
shown  in  figure  12  are  obtained.    Oedema  of  the  organs  was  prevented 


Fig.  12.  Perfiuion  flow  of  gum  &c&cia  through  a  dead  kidney  plotted  on  the 
ordinates  against  the  head  of  pressure  on  the  abeciBsas.  The  lower  curve  vu 
obtained  by  increasing  and  the  upper  by  decreasing  the  head  of  pressure. 

by  the  employment  of  acacia.  But  to  rule  out  this  factor  completely 
successive  curves  of  volume-flow  were  plotted,  first  with  a  rising  pres- 
sure and  next  with  falling  pressure.  The  curves  are  similar  and  bear  a 
resemblance  to  the  curves  obtained  in  haemorrhage  in  the  living  ani- 
mal. There  are,  however,  two  important  differences.  The  initial 
decrease  in  flow  is  not  as  rapid  as  in  haemorrhage  and  the  plateau 
near  its  beginning  points  low,  that  is  to  the  intersection  of  the  ordi- 
nates and  abscissas  at  zero.  The  curve  suggests  that  as  driving  pres- 
sure increases,  the  vessels  stretch  which  produces  an  increase  in  the 
effectiveness  of  the  driving  pressure  obtainii^.  That  most  of  this 
stretching  occurs  only  after  a  relatively  high  pressure  (in  fig.  12,  about 
90  mm.  Hg.)  is  reached,  is  a  factor  of  considerable  practical  importance 
in  the  treatment  of  lowered  blood  pressure  from  haemorrhage  and 
tissue  abuse. 
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That  this  stretching  of  veftaels  in  cicatl  organs  artually  nrrurs  was 
shown  by  perfusion  with  a  suspension  of  blood  corpuscles.  The  per- 
centaice  of  corpuscles  of  the  "venous  blood,"  and  it  might  be  stated 
that  the  venous  flow  was  slow,  fluctuated  with  the  head  of  pressure. 
(See  table  3.)  Apparently  the  lower  perfusion  preasures  are  not  suffi- 
cient to  stretch  the  vessels  or  deform  the  corpuscles  sufficiently  to 
permit  their  free  passage  and  filtration  of  the  bloo<l  occurs. 

The  finding  of  Denning  and  Watson  (29)  that  suspended  particles 
increase  the  deflection  of  the  cun-e  of  flow  was  confirmct)  by  comparing 
cur\-e9  of  flow  obtained  with  7  per  cent  gum  acacia  suspension  ahme 
an<]  a  mixture  of  bloo<]  and  gum  acacia. 

It  is  of  considerable  interest  to  know  how  much  the  corpuscular 
factor  dctcTTnincs  volume-flow  in  living  tissue.  If  the  high  peripheral 
red  count  noted  by  Cannon,  Fraser  and  Hooper  (30)  represents  the 
count  of  arteriole  blood  it  might  indicate  a  constriction  sufficient  to 
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b!<jck  tlio  psi-siage  of  red  cells  us  ihey  suggested.  That  such  constric- 
tion may  occur  was  also  pointed  out  by  ("ohnMcin  and  Zunti  i31i. 
Tlie  Uiwcr  n-d  counts  of  venous  bliKKl  coming  from  u  conslrictc<l  anM. 
noted  by  Sherrington  and  Copcniun  <.'t2)  would  also  indicate  that  a 
constriction  may  produn-  a  piirtial  fiUriition  of  the  bl<MH). 

Thr  fffiH  of  aciil  itijirlion  on  the  hin/ht  of  the  pltiluiu  of  Ihr  runr  of 
vii\unu-flou\  From  the  cxp<'rimcni«  on  |>crfusion  of  dciid  organs  it  is 
apiMirctit  thiit  purely  inerliunical  fiictors  iiide|M'ndent  of  physiological 
reactions  iircount  In  piirt  for  the  contour  of  the  volume-flow  curve 
olitiiined  from  the  living  aniniitl.  Two  difTiTciici-s  in  the  cu^^'<->'.  how- 
ever, wcri'  noicd,  otic,  ilie  V<^-r  <li-flci'tiiin  in  the  firwl  H«'gincnl  an<l  the 
other,  the  iMiiiiting  of  the  p]iiie:iu  to  uto  on  the  at>!>eihsas.  In  the 
living  ti^-iic  the  pl;iie:iu  [xiinis  well  Uyoiid  thit*  jxiint,  showing  defi- 
nitely that  in  liacniorrliiiKc  in  adilition  to  Die  checking  of  r<nistriction, 
we  hiive  a  viiTular  dilatation  arconutiiig  for  the  second  deflection  of 
til-  curve. 
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Pilcher  and  Sollmann  (33)  observed  that  the  vasoconstriction  in  the 
early  part  of  haemorrhage  merged  at  a  mean  blood  pressure  of  90  to 
100  mm.  Hg.  into  a  period  of  dilatation  of  central  origin.  The  ques- 
tion in  which  we  are  interested  here  is  whether  this  dilatation  may  be 
augmented  by  peripheral  chemical  dilatation  from  concentration  of 
metaboUtes, 

It  is  fully  realized  that  substances  other  than  carbon  dioxide  may 
act  as  chemical  regulators  of  volume-fiow,  yet  the  results  of  experi- 
ment 77  suggested  experiments  along  this  line.  It  was  hoped  that  by 
decreasing  the  COj  capacity  of  the  blood  by  acid  injection  the  effec- 
tiveness of  the  C0»  added  to  the  blood  as  it  passes  through  the  tissues 
would  be  increased  and  be  demonstrated  by  dilatation.  If  this  occurs 
a  reduction  of  alkaline  reserve  prior  to  bleeding  should  elevate  the 
plateau.  Variable  results  were  obtained  and  were  attributed  to  the 
fact  that  a  reduction  in  alkaline  reserve  may  increase  the  effective- 
ness of  COj  stimulation  of  the  vasoconstrictor  center  as  well  the  peri- 
pheral mechanism. 

The  relation  of  o/Aoiine  reserve  to  supeTiasal-flow  of  blood.  In  the 
case  of  superbasal-flow,  however,  the  effects  of  lowered  alkaline  reserve 
might  be  studied  to  better  advant^e  for  the  reason  that  conditions 
are  more  local,  the  accessions  of  COi  to  the  blood  passing  through  an 
activated  gland  being  greater  than  the  accession  of  CO,  to  the  blood 
passing  through  the  resting  vasoconstrictor  center.  In  some  experi- 
ments acid  injection  did  increase  the  superbasal-flow.  Though  a 
uniform  demonstration  would  be  more  convincing  yet  I  feel  that  the 
greater  hydrogen  ion  concentration  established  in  blood  poor  in  reserve 
alkalinity  as  it  passes  throi^h  an  activated  tissue  might  be  a  factor  in 
securing  adequate  flow  and  protecting  the  tissue  against  still  greater 
acid  reactions. 

The  relation  of  alkaline  reserve  to  volume-flow  is  a  perplexing  one. 
The  double  effect  of  increased  hydrogen  ion  concentration  is  easily 
demonstrated.  But  the  question  is,  can  changes  in  hydrogen  ion 
concentration  be  looked  upon  as  a  normal  mechanism  of  volume-flow 
control  and  does  the  factor  enter  into  play  in  conditions  of  lowered 
blood  pressure  preceding  the  marked  reaction  just  prior  to  death? 
The  problem  seems  to  call  for  a  quantitative  study  of  the  threshold 
and  of  the  difference  in  threshold  of  stimulation  for  the  central  and 
peripheral  mechanisms. 
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This  work  rpprp8ent«  an  attempt  to  obtain  data  for  the  intorpirta- 
tion  of  electrical  deftectioDB  in  the  ftalivary  gland  by  de lonnininK  the 
factora  controlling  the  volume-flow  of  blood  and  the  efTectn  of  decreswd 
flow  on  metabolism. 

The  exportmrnts  were  performed  on  the  submaxillary  ftUnd  of  the 

dOR. 

By  menHUrinfc  the  volume-flow  of  blood  during  prolonged  rhonla- 
Htimulation  it  was  found  that  the  synchronous  fluctuationn  in  Accretion 
and  electrical  deflection  were  acccmipanied  by  parallel  changi-s  in 
volimie'flow  of  blood. 

These  obBcn-ations  raised  the  question  of  the  interdependence  of 
volume>flow  of  blood  and  tissue  metabolism  ,^are  changeH  in  the 
flow  primary,  causing  fluctuations  in  secretion  or  does  increasnl  wcre- 
tion  call  forth  the  augmented  flow  of  blood? 

The  potwibility  of  the  secrelory  fluctuations  being  an  inhibitory 
phenMnenon  is  discussed. 

That  the  changes  in  volume>flow  of  blood  exceed  the  variation  in 
secretion  is  pointed  out;  also  that  fluctuations  in  volume-flow  of  bl<Mid 
with  chorda  stimulation  may  occur  in  the  B)>sence  of  visible  secretion. 

The  change  in  volume-flow  of  blood  with  prolonged  chorda  stimu* 
lation  is,  therefore,  a  vawomotor  phenomenon— either  of  metaltolite  or 
of  vasomotor  nerve  origin. 

The  measurement  of  the  latent  period  of  secretion  and  of  vaso- 
dilatation, the  wiective  paralyzing  of  the  secretory  fibers  with  atropin 
and  the  selective  stimulation  by  grading  of  intensity  failed  to  give 
conclusive  evidence  of  two  independent  sets  of  fil)ers — vaaomotor  and 
secretory. 

For  that  reason  the  problem  was  approached  by  a  numl>er  of  in- 
<lin>ct  methods  which  by  cumulative  evidence  might  suggest  the 
mechanism  of  volume-flow  control. 

Methods  were  chosen  which  wtwld  yield  data  of  theoretical  inten-st 
and  also  of  practical  value  in  cimnection  with  conditions  of  lowere*] 
blcMKl  pressure. 

The  observations  of  Barcroft  and  of  ('arlM>n  of  increased  flow  of 
blood  elicit4-d  by  sympathetic  stimulation  in  the  cat  were  confirmed  in 
a  few  instances  in  the  dog. 

Combine)  stimulation  of  the  chorda  tj-mpani  and  vagc»-sympathelic 
may  elicit  a  summation  of  secretion  acciimpanie*!  by  a  flow  of  blood 
l<-s.t  than  that  obtaining  during  churda  stimulation  alone. 
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Since  increased  volume-flow  of  blood  can  occur  only  through  inhibi- 
tion of  the  constrictor  tonus,  a  constant  potential  tonus  is  required  to 
study  the  relation  of  metabolism  to  volume-flow  of  blood. 

This  relation  was  studied  by  eliciting  progressively  increasing 
aCnounts  of  saliva  by  chorda  stimulation  during  a  constant  head  of 
pressure  and  measuring  the  extra  flow  of  blood. 

By  plotting  the  superbasal-flow  of  blood  on  the  ordinates  against 
metabolism  on  the  abscissas  we  get  a  straight  line.  This  suggests  a 
purposive  mechanism  of  volume-flow  control  though  not  disproving 
the  theory  of  nerve  control.  The  apparently  perfect  adjustment  of 
flow  to  metabolism  might  point  more  strongly  to  metabolite  control. 

By  studying  the  time  relation  of  superbasal  flow  to  superbasal  metab- 
olism at  various  heads  of  pressure,  it  appears  that  some  of  the  in- 
creased flow  of  blood  is  not  accounted  for  by  the  action  of  dilator 
nerves. 

The  failure  of  metaboUtes  to  counteract  more  fully  the  effects  of 
falling  pressure  may  be  attributed  to  the  fact  that  a  greater  constrictor 
tonus  must  be  inhibited  and  that  the  head  of  pressure  obtaining  ia 
insufficient  to  take  advantage  of  the  inhibition  produced. 

By  recording  the  flow  of  blood  through  a  resting  gland  with  a  de- 
creasing head  of  pressure  suggestions  on  the  relation  of  basal  flow  to 
basal  metabolism  were  obtained. 

The  sudden  decrease  in  flow  giving  way  to  a  nearly  constant  or  even 
accelerated  flow  with  a  further  fall  in  pressure  supported  the  working 
hypothesis — that  the  flow  of  blood  might  decrease  to  a  point  permit- 
ting a  concentration  of  metabolites  in  the  tissues  and  tissue  blood 
sufficient  to  produce  a  dilatation,  thereby  tending  to  maintain  a  con- 
stant flow  of  blood  despite  a  fur^-her  fall  in  pressure. 

The  importance,  however,  of  a  decrease  in  centra!  constrictor-tonus 
is  evident. 

To  determine  the  relative  eS'ects  of  failure  of  the  vasomotor  center 
and  the  concentration  of  metabolites  curves  of  flow  from  glands  with 
the  vago-eympathetic  intact  and  severed  were  compared. 

According  to  the  law  of  Poiseuille,  if  the  factors  of  caliber  and  vis" 
cosity  remain  constant  the  curve  of  flow  plotted  against  head  of  pres- 
sure is  represented  by  a  straight  line. 

Deflections  of  this  curve  from  the  straight  line  in  the  course  of 
haemorrhf^  must  therefore  be  due  to  changes  either  in  caliber  or  in 
viscosity. 

The  factor  of  viscosity  has  relatively  little  effect  on  the  general 
contour  of  the  curve  but  rather  on  its  position. 
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Tile  lar)p>  deflections  are,  therefore,  mainly  a  function  of  chanRro  in 
caliber. 

Since  in  the  early  ntafies  of  haemorrhage  there  may  be  a  riao  of  preti- 
sure  accompanied  by  a  marked  decrease  in  volume>flow  the  atecpnt-sH 
o(  the  firBt  xoKment  of  the  cun'c  is  largely  attributable  to  a  vanocon- 
striction  of  central  origin. 

But  after  vago-section  the  initial  fall  in  prexsure  is  likewise  areom- 
panied  by  the  greatest  decrease  in  volume-flow,  suggesting  that  with 
the  vagus  intact  both  pansive  constriction  and  active  constriction  of 
central  origin  occur. 

The  gradients  of  the  second  as  well  as  the  finit  segment  of  cur\'efl 
with  vagi  intact  and  severe*!  are  somewhat  comparable.  The  third 
Bcgntents,  however,  show  a  marked  divergence. 

The  fact  that  at  low  pressures  a  further  decrease  in  preiwurr  is  accont- 
panir<l  on  the  intact  side  by  a  suddenly  decreased,  and  on  the  seven-d 
side  by  a  suddenly  increased  flow,  subtests  the  poHsiliility  of  a  e«'ntral 
and  peripheral  action  of  increnscti  concentration  of  CO,. 

As  a  control  involving  only  mechanical  factors  the  volumt^flow 
through  dead  organs  with  var>'ing  heads  of  pressure  was  determinc^l. 

The  presence  »{  the  first  deflection  i>f  the  curve  shows  the  occum-nee 
(rf  passive  constriction  and  the  importance  of  a  high  stn'tching  head  of 
pressure. 

TTie  pointing  of  the  plateau  to  lero  on  the  abscis.<tas,  which  is  not 
the  case  in  living  tis-sue,  shows  that  in  ha^'morrhage  afttr  active  and 
passive  constriction  have  ceawtl  dilatation  begins. 

The  relative  importance  of  failure  of  the  vasomotor  center  and  (it 
concentration  of  metalK>lit<-s  in  elevating  the  plateau  is  difficult  to 
determine. 

An  allempt  to  raise  the  plateau  by  a  reduction  of  the  alkaline  rewr^'e 
previoas  to  a  lowering  of  the  head  of  pn-ssure  proved  unsuccessful,  but 
that  the  siip<'rbiisal-flt>w  of  blmxl  may  Im"  augmented  by  incn-asing 
the  effectiv<'ness  of  CO,  lilx-rattHl  in  nietalM>li!vn  is  suKg«-ste<l. 

As  to  the  existence  of  viuuMlilator  ner\-efl,  the  question  which  initiate*! 
this  resi-areh,  nothing  definite  can  Iw  said. 

We  hitve  no  pnKif  that  such  ner\'es  do  not  exist,  neither  have  wr 
pnM)f  thilt  mi'iiilinliti-s  oiinnot  ade<)Uately  control  the  volume-flow  of 
bl<MM!. 

All  that  can  Ih'  >»id  at  pn-s^-nt  is  that  if  dilator  ner\'es  do  conlrtd  the 
flow  of  IiUhmI  thi!<  flow  may  be  augmenli-il  xtil!  more  by  an  uecuniula- 
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tion  of  metabolites.  Many  of  the  observations  might  apply  to  both 
theories,  some,  however,  seem  to  point  more  strongly  to  the  theory  of 
metabohte  control. 
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Thifl  research  deals  with  circulatory  and  nutritional  diiiturb&ncM 
reflulting  from  hemorrhage,  from  tissue-abuse  and  from  arid  injection. 
It  is  in  part  an  application  of  the  results  outlined  in  the  preceding 
paper  as  well  as  a  prenentation  of  additional  data. 

Hie  term  shock  has  been  applied  to  a  variety  of  conditions  of  low- 
ered blood  pressure  regardless  of  whether  the  condition  is  attributable 
to  a  very  sudden  disturbance  resembling,  for  example,  the  immediate 
inhibition  of  reflexes  following  transection  of  the  cord,  or  associated 
with  a  relatively  slow  and  progressive  nutritional  disturbance  acoom- 
panning  a  progressive  fall  of  blood  pressure.  Attempts  have  been 
made  to  differentiate  between  disturbances  of  sudden  and  more  gradual 
onset  by  Cobbett  (1),  Lazarus-Barlow  (2)  and  others  and  designated 
as  shock  and  collapse  respectively.  Cannon,  Cowcll,  Fraser  and 
Hooper(3)  divide  these  conditionsof  lowered  blood  pressure  into  primary 
and  secondary  shock.  "Primary  shock  may  come  on  so  soon  after 
injury'  as  to  be  accounted  for  only  as  a  result  of  nervous  action"  while 
secondary  shock  results  after  prolonged  effects  of  inflicted  injur>-, 
hemorrhage,  exposure,  etc.  This  research  deals  whh  secondary  shock 
alone. 

Shock  has  been  defined  as  a  disturbance  in  which  the  blood  pressure 
has  reachetl  a  level  of  about  50  mm.  Hg.  and  has  thus  led  more  to  work 
on  the  relation  of  blood  pressure  to  the  condition  than  on  the  relation 
of  volume-How  of  blood  to  the  general  nutrition  obtaining. 

■  Keportrd  in  part  IWnre  the  Amrriran  Physiulott<c*l  >'^>ript]',  Proreedinga  la 
thi«  Journal,  ItHH.  xlv.  MA. 
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Volume-flow  of  blood  appeared  to  be  the  more  fundamental  problem 
and  as  the  results  will  show  mean  blood  pressure  gives  very  little 
evidence  of  the  gravity  of  the  disturbance.  A  primary  rise  in  pressure 
occurring  both  in  hemorrhage  and  tissue-abuse  may  be  accompanied 
by  a  lat^  decrease  in  volume-flow  of  blood,  constituting  the  greater 
part  of  the  total  decrease  reached  by  a  subsequent  fall  to  zero  pressure. 

Shock  in  this  research  is  looked  upon  much  as  outlined  in  a  previous 
report  (4).  It  is  considered  in  a  very  general  way  as  a  combined  cir- 
culatory and  nutritional  disturbance  resulting  from  a  number  of  fonns 
of  tissue-abuse  which  if  left  to  run  their  course  may  lead  to  death. 
Even  though  these  forms  of  tissue-abuse,  the  initiating  causes,  may  be 
removed  the  fatal  issue  is  not  necessarily  avoided.  Some  changes 
apparently  have  taken  place  as  a  result  of  the  tissue-abuse  which  sus- 
tains the  condition.  The  factors  in  shock  are  therefore  divided  into 
initiatiTig  factors  and  sustaining  factors. 

The  definition  given  by  Lusk  (5)  explains  what  is  meant  by  nutri- 
tional disturbance.  "Nutrition  may  be  defined  as  the  sum  of  the 
processes  concerned  in  the  growth,  maintenance  and  repair  of  the  living 
body  as  a  whole  or  of  its  constituent  organs."  The  definition  is  ac- 
cepted in  this  paper  in  its  broadest  sense. 

Concerning  the  initiatit^  and  sustaining  factors  in  shock,  we 
know  that  experimentally  a  condition  apparently  comparable  to 
shock  as  recognized  clinically  can  be  produced  by  numerous  procedures. 
Shock  ia  produced  by  mechanically  inflicted  injury,  such  as  manipu- 
lation of  the  intestines  or  the  crushing  of  muscle,  by  the  effects  of  cold 
produced  by  immersion  of  the  animal  in  iced  water  or  the  introduction 
of  ice  into  the  abdominal  cavity,  by  bums  or  scalds,  by  over-anes- 
thesia, by  Sehydration  elicited  by  the  introduction  of  hypertonic 
solutions  into  the  abdominal  cavity,  by  interference  of  the  blood  sup- 
ply to  the  tissues  accomplished  by  clamping  of  the  inferior  vena  cava, 
clampmg  of  the  aorta  and  Ugation  of  the  veins  from  the  extremities, 
by  limitation  of  the  oxygen  intake,  etc.  For  that  reason  fonns  of 
tissue-abuse  which  may  be  effective  in  producing  shock  are  designated 
as  initiating  factors. 

These  initistii^  factors  ultimately  lead  to  ch&nges  m  the  tissues 
which  have  their  influence  on  the  "sum  of  the  processes  concerned  in 
maintenance  and  repair"  of  Uving  tissue.  There  is  cellular  damage, 
increased  permeability  of  cells,  transudation,  eventual  decrease  in 
blood  volume,  slowing  of  the  blood  stream,  etc.  These  represent 
Bustaining  factors  some  of  which  are  not  readily  removed. 
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Since  flhock  as  rccoKiiize<l  clinically  is  as.'KM-istctI  with  mechanically 
inflicted  injunr',  Hurfcical  or  otherwise,  it  might  Ijc  well  to  designate  this 
injuo'  &s  the  primary  initiating  factor  and  other  initiating  facton  which 
aggravate  the  condition,  whether  they  were  in  operation  before  or 
after  the  inflicted  injur;',  as  accennory  initiating  factor*.  To  the  list 
should  be  ad<tc<l  any  form  of  tisHue-abuse  even  though  it  alone  may  not, 
in  the  ordinary  sense  of  the  term,  produce  shook,  e.g.,  thirst,  fatigue, 
hunger,  etc. 

When  the  condition  of  shock  is  recognised  at  the  front,  the  cirrula- 
ton,'  disturbances  have  reached  a  serious  stage.  Hence  an  important 
phase  of  the  probl^n  of  shook  is  a  matter  of  obtaining  a  basis  for  com- 
bating  these  circulatorj-  disturbances. 

There  appears,  however,  to  be  another  phase  of  equal  if  not  greater 
importance,  and  that  is  the  means  of  preventing  these  disturbances, 
a  means  of  detecting  the  s«-riousnesH  (ti),  (7),  (8),  of  the  initiating 
causes  before  the  outstanding  sjinptom  of  lowered  blood  pressure  has 
developed,  l>efore  serious  structural  changes  have  occurred  and  l>cfore 
irreparable  damage  has  been  done. 

The  emphasis  laid  on  blood  pressure  previously  expressed  itself  in 
the  employment  of  pre.^sor  sulwtances  such  as  adrenln  and  pituitrin 
for  the  elevation  of  pn-ssure  at  the  ex|>eiwe  of  volume-flow.  Though 
thcM-  forms  of  treatment  ha%'e  IxH'n  largely  discarded  it  appears  that 
too  much  weight  is  still  given  to  the  significance  of  mean  blood  pres- 
sure  relative  to  the  conditions  obtaining.  Here  lies  a  danger  of  per- 
mitting the  development  of  shock  which  might  otherwise  Ini  avoide*). 
Although  the  animal  itself  employs  pressor  methods  to  combat  a 
lowering  of  pri'ssure,  results  have  definitely  indicated  that  a  part  of  the 
proltlcm  of  treatment  and  prrvention  of  shock  lies  in  thi  comlialing 
of  these  pn-ssor  reactions  of  the  animal. 

Though  a  bk*od  pressure  of  normal  miignitude  is  esM-ntiiil  under 
niiniial  conditions  to  maintain  proi>er  nutrition,  and  though  blooil 
pn-^tun-  gwr  se  may  Ive  a  factor  of  im|N)rtanc«  in  the  physiolog)'  of 
wcrction.  I>'mph,  etc.,  yet  we  know  that  conditions  of  lowered  bloo<l 
pri'^-'un-  pnwiucwl  by  translation  of  the  cervical  conl  are  survi^n-d. 
Tlie  Miirvivid  is  prolmbly  dtiw  to  the  fuct  that  the  lowered  blooit  prt»- 
sun-  is  a  n-sult  of  viisotlilntiition,  |M-miitting  an  nde(|uate  volume-flow 
of  bloo.). 

Though  the  study  of  sh<N-k  is  at  pni^'nt  receiving  more  attention, 
the  common  ol(NTVnli(in  that  "hcmorrliiigc  is  the  must  |M)tont  shock 
priMlucinfi  factor"  call-,  for  a  clox'  coiiiiutriscm  of  the  two  conditions. 
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Hemorrhage  and  shock  have  many  points  of  similarity.  It  appeared 
to  me  that  the  study  of  hemorrhage  was  important  not  only  in  itself, 
but  especially  in  its  relation  to  shock. 

To  be  sure,  certain  outstanding  features  of  the  two  conditions 
should  call  for  different  forms  of  treatment,  but  if  these  conditions 
are  found  closely  comparable,  if  factors  controlling  the  volume-flow  of 
blood  operate  in  a  similar  fashion,  there  might  be  a  common  basis 
for  treatment  and  we  would  have  at  our  dispc»al  an  easy  and  per- 
fectly controllable  method  of  abusing  tissue  and  producing  shocklike 
conditions  amenable  to  the  study  of  blood  substitutes  and  requiring 
a  minimum  amount  of  aseptic  surgery. 

In  these  experiments  shock  was  produced  by  exposure  and  manip- 
ulation of  the  abdominal  viscera. 

The  data  deal  with : 

a.  Basal  and  superbasal-flow  of  blood  in  relation  to  metabolism. 

6.  The  dependence  of  normal  metabolism  on  basal  blood-flow  aa 
'  measured  by  decreased  alkaline  reserve,  etc. 

c.  A  comparison  of  the  basal-Sow  accompanying  decreased  blood 
pressure  produced  by  hemorrhi^e  and  by  tissue-abuse. 

d.  A  comparison  of  the  superbasal-flow  of  blood  obtaining  with 
lowered  pressure  from  hemorrhage  and  tissue-abuse. 

e.  The  relation  of  alkaline  reserve  to  volume-flow  of  blood  in  hemor- 
rhage, tissue-abuse  and  acid  injection. 

■  /.  The  respiratory  function  during  hemorrhage,  tissue-abuse  and  acid 
injection. 

g.  Comparative  effects  of  gum  acacia  injection  on  the  basal-flow  of 
blood  after  hemorrhage  and  tissue-abuse. 

The  relative  importance  of  the  sustaining  factor  of  slowed  circula- 
tion depends  on  the  degree  to  which  tissues  withstand  a  reduction  in 
volume-flow  of  blood  without  injury.  The  detrimental  effects  of  a 
marked  decrease  in  flow  accompanying  a  fall  in  pressure  are  easily 
demonstrable,  but  the  effects  of  a  smaller  decrease  in  volume-flow 
unaccompanied  by  a  change  in  pressure  are  not  so  apparent.  Thus  a 
demonstration  of  the  dependence  of  normal  metabolism  on  a  normal 
Sow  of  blood  is  desirable. 

Data  bearing  on  this  point  were  obtained  from  experiments  in  this 
and  the  preceding  paper  (9)  on  a,  the  dependence  of  volume-flow  of 
blood  on  metabolism;  and  on  b,  the  dependence  of  metabolism  on  the 
volume-flow  of  blood. 
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a.  Batal  and  superhaaal-flow  of  blood  <u  affected  by  metabdUm.  If 
we  accept  the  view  that  liberation  of  metabolites  increases  the  flow  of 
blood  on  tissue  activation,  the  experiments  of  the  precedinff  paper  ahow 
that  the  mechaniflin  of  volume-flow  of  blood  is  finely  adjusted  to  metab- 
olism and  suggest  that  a  nonnally  increased  function  requires  an 
increased  volume-flow.  It  will  be  recalled  that  a  stimulus  too  weak  to 
elicit  a  visible  secretion  but  strong  enough  to  produce  an  electrical 
deflection,  is  accompanied  by  a  considerable  increase  in  volume-flow 
of  blood.  The  linear  relation  of  superbasal^ow  to  ouperbasal-metab- 
olism  whether  dependent  on  the  action  of  dilator  fibers  or  dilator 
metabolites  suggests  a  purposive  mechanism  of  volume-flow  control. 
These  observations  along  with  others,  e.g.,  the  slower  recovery  of  a 
gland  from  activation  when  a  tow  blood  pressure  prevails,  the  after- 
flow  of  blood  following  the  release  of  arterial  obstruction,  etc.,  all 
point  to  a  relatively  narrow  margin  of  safety  of  decrease  in  volume- 
flow. 

b.  Dtpmdenee  of  the  tistuea  on  baaal-fiow  of  blood  aa  meatured  bg 
decreoBed  aJktUine  reaerve.  The  experiments  cited  on  the  relation  of 
volume-flow  of  blood  to  metabolism  suggest  a  close  dependenc«  ot  the 
tissues  OD  volume-flow,  but  more  direct  experiments  were  desirable. 
Knowing  that  a  decreased  oxygen  supply  to  the  tissues  leads  to  the 
fonnation  of  acids  other  than  carbonic  acid  and  that  these  acids  rediK« 
the  alkaline  renerve,  we  might  follow  in  a  quantitative  way  the  extent 
to  which  decreased  volume-flow  of  blood  affects  oxidations. 

Samples  of  blood  were  taken  at  r^ular  intervals— first,  during  a 
normal  control  period  with  a  constant  volume-flow;  second,  during  a 
period  of  reduced  flow  produced  by  hemorrhage;  third,  during  anothn* 
period  of  further  reduced  flow  from  a  second  hemontage.  (See  fig.  I.) 
The  alkaline  reserve  of  the  blood  was  determined  with  the  Van  Slyke 
method  (10)  at  forty-five  minute  intervals  and  plotted  on  the  ordi- 
nate* against  time  on  the  abscissas. 

During  the  period  of  normal  volume-flow  the  alkaline  reserve  remains 
approximat4>ly  constant.  During  the  next  two  periods,  initiated  by 
hemorrhage,  the  gradient  takes  two  sharp  dips,  indicating  that  the 
disturbance  in  oxidations  varies  directly  with  the  decrease  in  votume- 
flow  of  blood. 

Objection  to  this  conclusion  might  be  raised  on  the  ground  that  the 
decrease  in  alkaline  reserve  is  attributable  to  a  dilution  of  the  blood 
by  limiie  fluids  poor  in  alkali  (11)-  To  determine  the  importance  of 
thin  factor  in  the  dog  the  percentage  of  hemoglobin  was  likewise  plotted. 
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The  curve  shows  the  effect  of  dilutioD,  >mH'iT"'"g  the  tissue  fluids  enter- 
ing the  blood  to  be  free  from  alkaline  reserve.  The  relative  dipping 
of  the  two  gradients  therefore,  indicates  that  the  dipping  of  the  COt 
gradient  is  to  be  attributed  mainly  to  decreased  oxidations.  This 
becomes  more  apparent  through  the  observation  that  a  decreased 
alkaline  reserve  of  the  blood  is  partially  compensated  by  attraction  of 
tissue  alkaline  reserve  into  the  blood.  (See  page  482.)  The  degree  to 
which  this  occurs  may  possibly  account  for  the  variability  noted  in 
the  configuration  of  the  curves,  for  all  the  curves  do  not  show  the 
sharp  bending  of  the  gradient  or  the  perfect  alignment  of  observations 
noted  in  figure  1.  The  attraction  of  alkahne  reserve  into  the  blood 
produces  a  bending  of  the  curve  upward  and  partly  conceals  the  effects 
of  decreased  volume-flow  of  blood. 


Fig.  1.  Curves  abowiiig  the  relation  of  oxidative  proeessea  to  volume-flow  of 
blood.  Hemoglobin  percentage,  carbon  dioxide  capacity  and  blood  flow  plotted 
on  the  ordinat«8  against  time  on  tbe  abecissas. 

Upper  curve,  hemoglobin  percentage;  middle  curve,  carbon  dioxide  capacity; 
lower  curve,  volume-flow  of  blood. 

The  detrimental  effects  of  decreased  flow  are  also  shown  in  figures 
3  and  4  where  the  variability  of  the  factor  of  safety  becomes  evident. 
Take,  for  example,  experiments  87  and  103  in  which  the  volume-flows 
are  markedly  reduced,  but  apparently  well  borne  as  indicated  by  the 
horizontal  CO*  gradient.  The  interesting  feature  is  that  when  the 
break  in  the  COi  and  respiratory  gradients  occurs  it  is  abrupt.  In 
experiments  85,  99  and  102,  the  deflection  of  the  COi  and  respiratory 
gradients  follows  promptly  the  decrease  in  volume-flow  indicating  an 
exceedingly  small  factor  of  safety.  The  experiments  apparently 
represent  conditions  favorable  for  the  development  of  shock. 
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and  the  other  a  marked  circulatory  disturbance;  a  rise  in  pressure  may- 
be accompanied  by  a  decrease  in  volume-flow  of  blood  from  two  to 
three  times  as  great  as  that  accompanying  the  subsequent  fall  to  zero 
pressure.  The  important  point  common  to  all  observations  is  that 
the  greatest  decrease  in  volume-flow  of  blood  occurs  during  arelatively 
spiall  deviation  from  the  initial  pressure  and  that  subsequent  to  this 
sudden  decrease  in  volume-flow  a  further  decrease  in  pressure  of  SO  mm. 
Hg.  or  more  may  be  accompanied  by  only  a  relatively  small  decrease, 
no  decrease  or  even  an  increase  in  volume-flow  of  blood. 

The  circulatory  disturbances,  so  far  as  the  general  volume-flow  of 
blood  is  concerned,  may  be  potentially  as  bad  with  a  high  as  with  a 
low  blood  pressure.  The  main  difference  in  the  two  conditions  is  that 
the  high  pressure  may  represent  a  disturbance  of  a  shorter  duration  and 
for  that  reason  be  more  amenable  to  treatment.  But  in  so  far  as 
the  brain  and  heart  consume  more  oxygen  than  the  other  tissues,  and 
in  ao  far  as  vasoconstriction  of  central  origin  may  not  reduce  the  flow 
of  blood  through  these  structures,  as  through  other  structures,  the 
maintenance  of  a  high  blood  pressure  may  be  of  some 'significance. 

Usually  the  large  and  sudden  decrease  in  volume-flow  is  reached 
before  the  pressure  has  fallen  to  a  level  of  90  mm.  Hg.  In  one  experiment 
on  record,  hemorrhage  raised  the  initial  pressure  from  130  mm.  to  140 
mm.  Hg.  and  when  the  initial  pressure  was  subsequently  reached  the 
volume-flow  was  decreased  78  per  cent.  Therefore,  pressures  from 
about  140  or  even  higher  to  90  mm.  Hg.  may  be  of  little  value  regard^ 
ing  the  volume-flow  of  blood  and  the  general  condition  obtaining  unless 
a  previous  record  of  pressure  is  at  hand. 

Figures  3,  4  and  7  show  the  similarity  of  the  curves  resulting  from 
hemorrhage  and  from  tissue-abuse.  It  appears,  therefore,  that  funda- 
mentally the  same  factors  controlling  volume-flow  of  blood  are  operat- 
ing in  the  two  conditions.  These  factors  have  been  considered  in  some 
detail  in  the  preceding  paper  on  voliuue-flow  of  blood  (12). 

The  well-known  active  constriction  in  hemorrhage  may  be  looked 
upon  as  a  reaction  to  decreased  blood  volume.  Richer  and  Sollmann 
(13)  refer  the  constriction  to  decreased  oxidations  in  the  vasomotor 
cent«r  resulting  from  the  decreased  volume.  I  am  inclined  to  feel 
that  the  reaction  may  be  of  the  nature  of  a  vtdume-rpflex  similar  to  the 
lowering  of  blood  pressure  through  the  depressor  nerve.  This  is  sug- 
gested by  the  fact  that  although  large  and  even  rapid  hemorrhages 
may  occur  without  a  lowering  of  the  pressure  yet  constriction  results. 
But  this  is  not  the  question  in  which  we  are  interested  at  present. 


Digitized  by  VjOOQIC 


476  ROBERT  OES£LL 

Protocols  of  several  expcrimentA  are  given  to  show  the  effects  of 
hemorrhaKP.  Vifhat  concomB  us  in  theae  protocola  ia  not  the  maxtmum 
amount  of  bleeding  a  normal  individual  may  withstand  and  stiU 
recover  but  rather  the  minimum  amount  producing  a  decided  decrease 
in  volumo-flow  of  blfNxl.  ThpHC  data  are  needed  to  ascertain  whether 
we  may  have  serious  constrictioD  of  a  similar  source  from  transuda- 
tion in  tissue-abuse  and  to  determine  the  relative  importance  of  a 
decrease  in  blood  volume  whether  it  arises  from  hemorrtiage  or  tnu»u- 
dation  both  in  initiating  and  suetaining  shock. 

Bzptrimtnt  S5.     Repeated  hemorrhaitefl. 
.     Weiftht  of  doR,  12.000  ktmiu. 

Blood  volume,  1,080  ce. 

No.  5.  Total  unount  bled.  100  rr..  about  9.3  per  cent  of  blood  volume.  Total 
reduction  of  volume-llow.  49  per  eeol. 

No  9.  Total  amount  bleil,  19.)  ec.  a>>out  IS.O  per  ceDl  of  blood  volume.  Total 
redurtion  of  volume-flnw.  65  per  eeni. 

Hzprrimrnl  ST.  Repeated  hemotrhaneH. 

WeiithI  o(  doK,  H,94D  firaniR. 

Blood  volume,  r.aw  cr. 

No.  3.  Total  amount  hied,  115CC.,  about!4.6pcreeDt  of  blood  volume.  Redue* 
lion  of  volurot^flow,  fll.6  per  eent. 

Exptrimrnl  103.     Re|)ented  hemorrbaft*^* 

WeiKht  of  doft.  IK.;<00  ftrsm*. 

Blood  volume.  1.673  r«. 

No,  S.  Total  amount  ble<l.  175  ee..  about  9.6  per  r«nt  of  blood  volume.  Total 
reunion  of  volume-dole.  42.2  per  rent. 

No.  7.  Total  amount  bleil.  275  tc.  about  15  per  eent  of  blood  volume.  Total 
redurtion  n(  volume-flow,  44. H  p«r  cent. 

Kxprrimenl  i^t,     Repenteil  hemorrhaiteii. 

WeiKht  of  doK.  15,HIW  gi^w. 

Blood  volume.  1.4211  er. 

Tolal  amount  bled.  I.W  rr  .  aliout  10.3  per  rent  of  blood  volume.  Total 
amount  bled,  .160  rr..  bIh>iiI  2-)  |ier  rent  of  blood  volume. 

Total  reiluriiiin  o(  vulume-flow.  69.5  [vr  rent. 

Kj/irriminl  49.  ContinuouN  hemorrhaite  through  the  veHset  of  the  Kland. 
.     WriRbl  ofdoK.  n.iVlr-n'n., 

Hlood  vilume.  I.IMirr. 

Tr.isl  amount  bled.  .fcfi»  fc.  about  43  [ler  cent  of  bloinl  volume. 

Re<luriiim  of  voliimi-How.  70  |>er  rent. 

Kiimriminl  JS   ('(>iitinui>Mi>  hemorrhnite  IhrnuKh  the  ve-x'U  of  the  i^and. 

Weijiht  of  (Inn,  t2,.VM)  Krimm. 

Kl.Hxl  volume.  MX",  rr 

Total  amount  l.l.d.  Hi",  fr  .  nix.ut  2«  |«T  rent  of  bl.Hxl  volume. 

Tolal  rediirlion  of  vr.l.i.iii-Mow,  *2  i-r  rn.l- 

Tiiinl  aiii"uiit  lilirl.  (Tt  rr  ,  nli.iul  12  iM-r  r>  iit  of  M-hhI  volume. 
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Observe  the  varying  effects  of  h«norrhage.  The  smaller  decrease  in 
volume-flow  eUcited  by  a  continuous  hemorrhage  agrees  with  the  obser- 
vation that  animals  withstand  slow  hemorrhage  better  thair  more  rapid 
hemorrhage.  But  another  explanation  is  possible.  The  relative  and 
absolute  decrease  in  volume-flow  resulting  from  reduced  blood  volume 
depends  upon  the  constrictor  tonus  at  the  beginning  of  the  experi- 
ment. If  for  any  reason  that  is  high,  (from  previous  concentration, 
for  example)  the  effects  of  lost  volume  are  reduced.  For  a  specific 
case  refer  to  experiment  100,  page 478.  Had  the  initial  determination' 
of  volume-flow  been  postponed  but  a  few  minutes  the  major  effects  of 
decreased  volume  wcrtjld  have  been  missed.  It  is  probable  that  in 
most  cases  t^e  volume-flow  decreased  more  during  the  course  of  the 
experiment  than  is  represented  in  the  protocols  and  graphs.  But  even 
disregarding  such  possibilities  the  percentage  decrease  of  volume-flow 
of  blood  far  exceeds  the  percentage  decrease  in  blood  volume  in  every 
experiment.  The  maintenance  of  a  normal  blood  volume  Is,  therefore, 
an  extremely  important  function. 

The  question  arises — does  the  same  mechanism  reduce  volume-flow 
in  tissue-abuse? 

From  the  observations  of  Sherrington  and  Copeman  (14),  Cobbett 
(15),  Lazarus-Barlow  (16),  Vale  (17),  Gasser,  Meek  and  Erlanger  (18) 
and  others  we  know  that  concentration  of  red  cells  in  the  blood  is  a 
striking  feature  of  tissue-abuse.  Occasionally,  even  in  the  early 
periods  of  an  experiment  I  have  noted  a  diminution  in  blood  volume 
from  this  source  amounting  to  more  than  20  per  cent.  Cobbett  records 
a  reduction  of  30  per  cent.  Employing  the  gum  acacia  method  of 
Meek  and  Gasser  (19)  for  determining  blood  volume,  Gasser,  Meek 
and  Erlanger  find  an  average  reduction  of  blood  volume  amounting  to 
17.6  per  cent.  The  decrease  of  volume-flow  in  tissue-abuse  is,  there- 
fore, readily  accounted  for  in  most  instances. 

Though  the  vasoconstrictor  center  is  very  sensitive  to  small  changes 
in  blood  volume,  slight  reduction  in  the  early  stages  of  tissue-abuse 
might  appear  insufllicient  to  ehcit  the  decreased  volume-flow.  The 
experiments  of  Pilcher  and  Sollmann  showing  that  a  shunting  of  blood 
to  a  local  area  by  local  dilatation  produces  a  general  vasoconstriction 
meets  this  difficulty  for  the  viscera,  after  manipulation,  give  every 
appearance  of  acute  infiammation  with  an  increased  blood  flow.  The 
effects  on  constriction  of  decreased  circulating  blood  from  stasis  should 
also  be  mentioned  (Welch,  Mann,  and  Erlanger  and  Gasser). 
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Only  rarely  can  the  effect  of  reduced  blocxl  volume  from  tiw>ue-abuM 
be  studied  as  clearly  as  in  hemorrhage.  Therefore  experiment  100  is 
described  in  some  detail,  an  experiment  in  which  for  some  uDknown 
reason  rapid  and  marked  concentration  of  the  blood  occurred  with  the 
animal  almost  intact  even  before  the  abdomen  was  opened.  The 
animal  experimenl«d  on  was  a  male  bull  dog  apparently  in  perfect 
health,  previously  injected  with  morphine  sulphate  which  had  taken 
marked  effect.  The  dissection  about  the  submaxillary  ([land  was  posxible 
without  the  use  of  ether. 

The  volume-flow  of  blood  was  100  drops  per  minute  and  the  volume 
percentage  of  red  cells  was  60.  To  eliminate  effects  other  than  manip- 
ulation of  the  viscera,  which  was  to  follow,  another  determination  of 
the  blood  flow  was  made  one  half4iour  later  and  found  to  be  30  drops 
per  minute  Not  knowing  how  to  account  for  such  a  striking  reductioa 
in  volumC'flow,  the  blood  pressure  having  remaineil  constant  at  130 
mm.  Hg.  and  the  dissection  of  the  gland  having  been  a  very  easy  one, 
the  percentage  o'  red  cells  was  again  determined  and  found  to  be  70. 
The  diminution  in  blond  volume  which  such  concentration  entails 
accounts  for  the  serious  constriction.  That  such  diHturbances  occur 
without  any  outward  signs  whatever  suggests  an  explanation  of  some 
of  the  more  mysterious  cases  of  shock.  The  experiment  shows  again 
the  danger  of  relying  too  much  upon  blood  prewure  measurements. 

That  general  constriction  rather  than  exhaustion  of  the  vaaomolor 
center  exints  in  the  early  stages  of  shock  is  generally  accepte*!,  (20), 
(21),  (22),  (2.3),  (24),  (2.'i),  (2fi),  but  experiments  such  as  no.  100  point 
definitely  to  the  source  of  the  reaction — a  decreased  blood  volume 
similar  to  the  mmrce  of  constriction  in  hemorrhage. 

EpKtein  (27)  calls  attention  to  concentration  of  re<l  cells  from  a<lnun- 
istrntion  of  ether.  WTiether  the  small  amount  used  in  experiment  100 
could  account  for  the  tramtiidal ion  of  plaMna  is  questionable,  howev«r. 

It  might  l)e  mentioned  in  eonnertion  with  decreased  blood  volume 
that  manipulnlton  of  the  intetttim'N  in  many  animals  produces  a  prompt 
and  visible  thickening  of  the  intestinal  wall  and  c<'»Kntion  of  manip- 
ulation is  freciuently  followed  by  considerable  n-eoven,'  of  the  normal 
thickness.  Thitw  ewntri  may  l)e  fre<iuently  reiX'sK-d;  and  thej-  pr^ 
siiinubly  are  Hccompunietl  by  fluctuations  in  blood  volume  as  is  indi- 
nitcd  by  syiirhronouM  (MwilUtions  in  mean  bUxNl  pn-ssure. 

1  al.H»  hnve  r»lwer\'wl  that  mnnipulalion  of  limiKtl  oegmonts  of  the 
int<-^tiiieH  though  iniliiilly  leading  to  a  definite  full  in  proM<ure  soon 
l>ec<)ni<-!<  leiii  effective.     Tliis  may  Ixi  due  to  the  fact  that  maxiinuni 
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transudation  in  the  manipulated  segment  has  occurred  for  manipula- 
tion of  a  new  segment  now  leads  to  further  transudation  and  fall  in 
pressure.     Other  explanations  of  com^  are  possible. 

All  the  experiments  indicate  the  similarity  of  the  vascular  reactions 
in  hemorrhage  and  tissue-abuse.  This  is  borne  out  by  the  following 
observations.  Pilcher  and  Sollmann  noted  that  animals  with  a  low 
initial  pressure  withstand  hemorrhage  far  better  than  those  with  a 
high  pressure,  a  fact  also  noted  in  the  present  research.  The  manner 
in  which  some  animals  withstand  lai^e  and  even  rapid  hemorrhages 
without  a  lowering  of  the  pressure  during  bleeding  is  remarkable.  The 
counterpart  of  this  is  the  observation  of  Erlanger  and  Gasser  that 
animals  with  a  high  initial  pressure  respond  less  well  to  treatment 
after  clamping  of  the  cava  than  do  animals  with  a  lower  initial  pressure. 

d.  A  comparison  of  the  superbasal-jUiv}  of  blood  with  lowered  blood 
pressure  from  hemorrhage  and  tissue-abuse.  In  the  regulation  of  vol- 
ume-flow of  blood  to  the  tissue  needs  we  are  not  only  interested  in  the 
manner  in  which  the  Bow  to  a  resting  tissue  varies  with  changing  head 
of  pressure,  but  also  in  the  superbasal-Bow  for  activated  tissue.  Un- 
doubtedly in  the  marked  nutritional  disturbances  occurring  in  condi- 
tions of  lowered  blood  pressure,  tissues  suffer  not  only  from  decreased 
baaal-fiow  but  likewise  decreased  superbasal-fiow.  That  the  Uver, 
kidney  and  probably  the  lieart  are  called  upon  for  increased  activity 
seems  possible. 

By  stimulating  the  chorda  tympani  so  as  to  elicit  equal  amounts  of 
saUva  with  varying  heads  of  pressure  and  measuring  the  extra  flow  of 
blood  per  drop  of  sahva  we  determined  the  conditions  under  which 
tissues  work  in  hemorrhage.  (See  page  451,  paper  III)  (28).  It  was 
found  that  superbasal-flow  divided  by  superbasal-metaboliam  decreases 
out  of  all  proportion  to  the  decrease  in  pressure. 

The  effects  of  tissue-abuse  are  equally  as  great  as  hemorrhage 
(see  fig.  2  and  table  1).  In  figure  2  the  basal-fiow  of  blood  is  plotted 
against  mean  blood  pressure  in  the  usual  way,  and  observations  shown 
in  the  table  are  designated  on  the  curve. 

The  initial  changes  in  blood  pressure  have  the  most  detrimental 
effects  on  superbasal-flow  as  well  as  on  basal-flow.  Though  a  100  mm. 
Hg.  might  be  considered  a  normal  pressure  for  some  dc^,  yet  when 
that  pressure  is  reached  in  this  experiment  the  superbasal-flow  of 
blood  is  more  than  halved.  Since  the  stretching  head  of  pressure 
seems  adequate  to  take  advantage  of  any  inhibition  of  tonus  and 
produce  an  adequate  superbasal-flow  of  blood  we  are  reminded  of  the 
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experiments  of  the  prece<ling  paper  of  combined  and  separate  HtiniuU- 
tion  of  the  chorda  t>-mpani  and  vago-«Mnpathetic  (itoc  fig.  4,  pa|x>r 
III). 

The  amount  of  accretion  obtained  by  combined  stimulation  is  (trcat*T 
than  that  obtained  by  chorda  stimulation  alone,  and  yet  is  accom- 
panietl  by  a  smaller  volume-flow  of  blood.     This  smaller  volume-flow 
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witi*  ntlributt-tl  to  the  failun-  of  the  chorda  efTcrts  to  inhibit  the  in- 
crcHM-fi  tonus  rexulting  from  vftftrMijTnimtlM'tic  stimulation. 

DuriiiK  the  ettrlicr  fliifpti  of  hemorrhatte  and  liiwne-abate  we  ha\'e 
conipiirnhle  condition^:  an  incn-nju-d  c«inMtrict<ir  tonus  which  miu't  lie 
inhil>itc<l  iM-forc  a  suiwtIhwiI-How  of  bIcKNl  run  take  place.  Tliat  ihin 
it  n  f:ictor  (if  Home  KiKiiifK'itni'e  is  indii-iitcd  in  fiifin'  2  and  tnble  I,  for 
df'-iiitf  the  incn'!i»e»l  H  retching  hc:id  of  pn-siure  at  H,  the  incn-aM-<i 
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constrictor  tonus- which  is  the  cause  of  the  rise  in  pressure  is  not  as 
thoroughly  inhibited  and  the  superbasal-flow  of  blood  is  decreased. 

The  danger  that  such  a  mechanism  may  act  detrimentally  on  some 
important  activated  tissue  is  apparent. 

e.  The  relation  of  alkaline  reserve  to  volujne-fiow  of  blood  in  hemorrhage, 
ti8sue-<Atise  and  acid-injedi<m.  The  relation  of  volume-flow  of  blood 
to  alkaline  reserve  is  a  perplexing  one. 

It  will  be  recalled  (29)  that  with  innervation  intact  acid  injection  * 
may  decrease  the  basal-flow  of  blood  and  with  the  vago-sympathetio 
severed  elicit  increased  flow;  that  the  superbasal-flow  of  blood  appears 
at  times  to  be  increased  by  a  decreased  alkaline  reserve,  and  that  a 
possibility  of  a  balanced  action,  peripheral  and  central  exists. 

From  a  practical  point  of  view,  I  .have  nothing  definite  to  add  but 
some  observations  may  be  of  significance. 

Animals  withstand  large  injections  of  acid  which  may  lead  to  an  in- 
creased rather  than  decreased  pressure.  An  increased  pressure  of  140 
mm.  Hg.  at  a  Van  Slyke  reading  of  6  g'ving  way  suddenly  to  zero 
pressure  on  further  injections  indicates  that  the  heart  may  for  a  time 
at  least  execute  extra  work  with  an  exceedingly  low  alkaline  reserve. 

But  that  the  organism  strives  to  prevent  a  development  of  a  low 
alkaline  reserve  long  before  that  is  reached  is  shown  in  table  2;  n/2  hydro- 
chloric acid  was  injected  intravenously  at  intervals  of  approximately 
30  minutes  and  the  CO*  content  followed.  (This  experiment  was  per- 
formed for  another  purpose,  therefore  the  intervals  and  amount  of 
acid  are  not  the  same.  The  results,  however,  are  so  striking  that  the 
conclusions  are  not  affected.)  The  COj  content  was  determined  prior 
to  each  injection.  The  reduction  of  alkaline  reserve  with  each  injec- 
tion divided  by  the  amount  of  acid  injected  gives  the  effectiveness  of 
the  acid  to  neutralize  the  reserve  at  different  stages  of  the  experiment. 
The  effectiveness  rapidly  decreases  and  at  the  end  the  tissue  reserve 
enters  the  blood  so  rapidly  that  the  acid  injection  in  the  interval  al- 
lowed is  without  effect. 

The  wide  variations  of  alkaline  reserve  noted  by  Henderson  and 
Hazard  (30),  and  by  Scott  (31)  and  their  relation  to  morphinization 
were  observed  by  me.  In  addition  it  was  found  that  the  lethal  injec- 
tion of  acid  per  kilo  of  body  weij^t  was  less  in  animals  with  a  high 
alkaline  reserve  than  in  animals  with  a  low  alkaline  reserve. 

The  passage  of  alkaline  reserve  into  the  blood  may  represent  one  of 
the  normal  mechanisms  of  combatting  increased  hydrogen  ion  con- 
centration yet  as  Bayliss  (32)  pointed  out  a  low  alkaline  reserve  may 
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not  be  without  its  advanloKcs  when  the  effects  on  volume-flow  of  btood, 
gaacouB  exchange  in  the  lungs  and  in  the  tiRSUOH  in  general  are  con- 
sidered. Though  the  results  of  the  preceding  paper  suggested  similar 
ideas,  a  maintenance  of  normal  alkaline  resen'e  is  probably  preferable. 
Eriangcr  and  Oasscr  find  that  injection  of  carbonate  in  concentrate<l 
form  is  distinctly  harmful  but  is  not  harmful  when  injected  in  weaker 
concentrations.  In  the  matter  of  treatment  Baylias  and  Erlanger  and 
*  Gasser  feel  that  with  improved  circulation  the  alkaUne  reserve  will 
take  care  of  itself.  The  rapid  passage  of  alkaline  reserve  into  the 
blond  as  shown  in  table  2  illustrat(>s  how  readily  a  lowered  alkaline 
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reser\'e  is  ovcrconin.     The  work  of  Howell,  Seclig,  Mann  and  othen, 
however,  indirati'S  the  beneficial  effects  of  injection  of  carbonate. 

/.  Thf  r<  Kpiriilory  function  during  hemorrhage,  ti'MUt-abuM  and  anH 
injfclii'n.  The  similar  and  nonnal  coiwtrirtor  reaction  of  the  \*aso- 
motnr  renter  in  hemorrhage  anil  tismio-abiwe  and  the  normal  rraclion 
of  the  canliiHinhibitory  center  in  nhock  (■i^i),  suggt-strtl  also  the 
nc<'d  of  a  clowT  comparixon  of  the  n-H|)iraI<)r>'  functiim  in  the  two  coi>- 
ililions  than  has  hitherto  U-^-n  made.  In  such  a  study  we  are  inter- 
ested in  the  niarlion  of  the  n-H[)irn1iiry  center  lo  the  dix-reasing  alka- 
line n-JMirve  prevailing  in  onler  to  detennine  more  nearly  the  relatiw 
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importance  of  a  general  involvement  of  the  medullary  centers  and  the 
relation  of  the  reaction  to  general  oxidative  processes. 

In  studying  respiration  we  must  distinguish  between  cause  and 
effect.  Van  Slyke  (34),  Henderson  and  Hazard,  Scott  and  others 
[mint  to  the  reafliness  with  which  the  alkaline  reserve  of  the  blood  may 
shift.  I  have  found  the  effects  of  morphinization  pointed  out  by 
Henderson  and  Haggard  and  Scott  to  be  striking  and  also  that  painful 
stimulation  from  tissue-abuse  is  likely  to  lead  to  over-ventilation  with 
a  reduction  of  the  alkahne  reserve  of  the  blood. 

It  is  therefore  realized  that  a  study  of  respiration  is  best  carried  ou( 
on  a  decerebrate  animal.  But  the  curves  will  show  that  under  certain 
circum-stances,  with  both  acid  injection  and  hemorrhage,  a  uniformity 
of  results  is  obtainable.  In  tissue-abuse  where  painful  stimuli  enter 
into  play  such  uniformity  is  not  to  be  expected  and  therefore  if  only 
occasional  experiments  are  comparable  to  those  of  hemorrhage  we 
might  be  justified  in  concluding  that  the  response  to  changing  alkaline 
reserve  would  be  similar  were  painful  stimuli  always  excluded. 

The  general  effect  of  decreased  alkaline  reserve  in  hemorrhage  and 
tissue-abuse  in  its  relation  to  respiration  is  shown  in  figures  3  and  4. 
The  experiments  on  hemorrhage  are  designated  by  an  H  and  on  tissue- 
abuse  by  T.  A.  and  are  shown  in  pairs  for  purposes  of  comparison. 

Respiration  and  carbon  dioxide  content  of  the  arterial  blood  are 
plotted  on  the  ordinates  against  mean  blood  pressure  on  the  abscissas. 
A  definite  similarity  in  the  increased  response  of  the  center  to  decreas- 
ing alkaline  reserve  appears,  but  a  better  comparison  is  obtained  by 
plotting  the  respiration  against  carbon  dioxide  capacity  as  shown  in 
figure  5. 

To  control  the  results  obtained  in  hemorrhage  and  tissue-abuse  the 
effects  of  lowered  alkaline  reserve  by  acid  injection  {N/2  HCl)  were 
first  studied.  Plotting  the  results  in  the  manner  described  we  find 
the  reaction  of  the  respiratory  center  to  be  represented  by  a  straight 
line.  (See  fig.  5).  Apparently  this  may  be  looked  upon  as  the  normal 
response. 

Reduction  of  the  alkaline  reserve  by  a  decreased  volume-flow  pro- 
duced by  hemorrhage  elicits  the  same  reaction.  It  would  seem  that 
the  decreased  volume  flow  per  se  accompanying  the  decreased  alka- 
line reserve  is  without  effect  upon  the  respiratory  center.  But  as 
pointed  out  before,  the  curve  of  flow  through  the  submaxillary  gland 
may  not  represent  the  flow  obtaining  under  similar  conditions  through 
the  brain. 
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The  rapid  rute  of  the  curves  of  retipiration  in  cxpcrimento  98  and  91 
on  tissue  abuse  represent  exceptions  to  the  pre^nous  reactions  note*! 
and  sUKKest  a  reflex  excitation  of  the  respiratory  center  by  painful 
stimuli.     The    disturbance    in    oxidations    could    hardly    be    market] 


\\ 


^  * 


Fin  3 

Y'lg*.  3  anil  4,  ('(itiiimri-Hin  iif  ninilitioiin  in  ex|KTimpnr»  on  h«"morrh«|[p. W. 
>nil  tirutiir  BhliM-.  T  A.  Haoal  f)(iw.0n<H|>irarii>n.  (>.  rsrUin  dioiidr  ront<>nl  of 
artiTinl  IjIihhI,  ,*  and  hrniofcl'iliin  pi>rr('nl«iir  ]>li)llrd  on  ihr  ordinslm  aftaiiuit 
nif-nn  MixkI  prc-wurr  on  llir  ahprlM-HH  r:.  The  tiKiirpn  on  tlir  ordinaln  rr)>rrHrnt 
i-iiri«.r.  dioxidr  ponlrnt ;  on  tli.-  al..ri-»a-  nii'iin  I.IihhI  pn-'Urr  in  mm,  II|t. 

eiiouKb  to  iifcouiit  for  the  sudden  iliniinuticm  in  alk»l)ni>  n-^w^r^-e.     See 
.■iImi  cxiMTinieiit  W  mt  plottnl  in  figure  A. 

In  e\iMTiiii('iits.  however,  where  piiin  stnnuli  for  stmie  reason  are 
li»"  cfli-clivc.  tlic  n'^|)<in>e  of  the  re*piriit<>r>'  center  ap|)ean«  to  lie  nor- 
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mal  (see  exps.  101  and  90  in  fig.  5).  The  earlier  failure  of  the  center 
noted  in  certain  cases  of  shock  may  represent  a  reaction  to  decreased 
body  temperature  from  visceral  exposure,  a  factor  not  carefully 
controlled. 

If  this  ia  true  cold  ia  important  from  many  points  of  view,  not  only 
in  reducing  blood-flow  and  oxidation,  (35),  (36),  but  depressing  the 


Fig.  4 

respiratory  center  as  well  and  from  these  experiments  we  infer  that 
where  the  factor  of  cold  does  not  enter  the  danger  of  hemorrhage  and 
tissue-abuse  ia  not  attributable  to  a  failure  of  the  respiratory  center. 
It  may  be,  however,  that  the  more  shallow  and  rapid  respirations  in 
tissue-abuse  are  not  as  effective  in  securing  gaseous  exchange  as  the 
slower  and  deeper  respirations  in  hemorrhage.  No  effort  was  made  to 
determine  the  rea.son  for  the  difference  in  the  type  of  respiration.     Pos- 
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aibly  the  opening  of  the  abdomen  interferes  with  the  action  of  the 
abdominal  respiratory  muscles. 

g.  Comparative  effects  of  gum  acacia  injection  on  the  basal-fiow  of 
bhod  after  hemorrhage  and  tissue-abuse.  The  experiments  to  be  de- 
scribed were  performed  for  a  number  of  purposes: 

1.  To  check  the  effects  of  inflammation  on  volmne-flow  of  blood  in 
the  experiments  on  hemorrhage. 

2.  To  determine  the  importance  of  the  viscosity  factor  in  volume- 
flow  of  blood  in  hemorrhage  and  in  tissue-abuse. 

3.  To  determine  and  compare  in  hemorrhage  and  tissue-abuse  the 
manner  in  which  volume-flow  of  blood  responds  to  increased  blood 
volume. 

4.  To  arrive  at  some  basis  of  treatment  by  taking  into  consideration 
the  factor  of  volume-flow  times  the  concentration  of  the  blood. 

g.  1.  The  similarity  of  the  three  curves  of  volume-flow  in  figure  6 
obtained  by  bleeding,  by  acacia  injection  and  by  rebleeding  indicate 
that  the  factors  of  cold  and  inflammation  so  far  as  they  are  concerned 
in  the  hemorrhage  experiments  have  little  influence  on  the  volume- 
flow  of  blood.  They  show  that  severe  hemorrhage  if  compensated  in 
time  is  without  serious  effect  upon  the  constrictor  tonus  and  dn  the 
normal  elastic  properties  of  the  vessels  for  the  response  is  similar  in 
three  alterations  of  pressure.  (See  also  curves  obtained  during  bleed- 
ing and  injection  in  fig.  7,  exp.  49.) 

;;.  2.  Changing  the  mean  blood  pressure  by  hemorrhage,  by  tissue- 
abuse  and  by  acacia  injection  we  get  three  combinations  of  varying 
pressures  and  concentrations  of  corpuscles.  Assuming  the  corpuscle 
to  be  the  main  viscosity  factor  the  curves  of  flow  show  that  changes 
in  viscosity  occurring  in  these  experiments  have  relatively  little  effect 
upon  the  configuration  of  the  curve.  _  The  effects  appear  more  upon  its 
position. 

g.  S.  For  example  in  experiment  49,  figure  7,  the  injection  curve 
differs  from  the  hemorrhage  curve  mainly  in  position;  this  change  is 
largely  accounted  for  by  dilution  of  the  blood  and  by  deterioration  of 
the  vasomotor  center.  The  curve,  however,  represents  a  good  response 
on  the  part  of  the  vascular  system  to  injections.  The  relatively  insig- 
nificant effects  of  rise  in  pressure  up  to  85  mm.  Hg.  on  the  volume- 
flow  and  the  enormous  effects  of  a  further  increased  pressure  point  to 
the  practical  importance  of  adequate  injections  in  the  treatment  of 
lowered  blood  pressure.  The  shifting  of  the  injection  curve  to  the 
right  indicates,  however,  that  we  should  be  satisfied  in  attaining  pres- 
sures sHghtly  below  the  normal  pressure  of  the  individual  in  question. 
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A  prolon)cc<l  condilion  of  loworwl  blood  prpsaure  disturbe  the  nortniil 
response  to  injection.  Apparently  the  vasomotor  center  and  the  ela»i- 
tic  properties  of  the  ves.'wU  arc  affected.  The  contour  of  the  injection 
cun'e  approaches  a  straight  line.  (See  injection  and  rebleeding  rur\-e 
of  exp.  48  and  the  rcbleeding  curve  of  exp.  49,  fig.  7).  This  variation 
in  response  appears  to  be  a  matter  of  some  importance  relative  to 
treatment  of  con<iitions  of  lowered  blood  pressure  and  will  be  con- 
sidered below. 

The  experiments  on  the  comparison  of  the  r^ponsc  of  the  vascular 
system  after  tissue-abuse  with  the  respomw  in  hemorrhafte  are  limited 
Figure  7  howc\-er  shows  that  considerable  similarity  in  the  two  condi- 
tions may  !«?  expected. 


KiR  '>.  Three  curvrn  uf  >isi<al-flow  of  blood  from  hi-mnrrhsKr.  araria  injrrtinD 
and  n'l.ln-dinit. 

Nevertheless,  in  rertain  inntances  (rxp,  51,  fig.  7)  a  shifting  of  the 
injection  cun-e  to  the  left  occurred,  an  ol>scr\-ation  mis-ning  in  the 
hemorrhage  experiments,  attributable  I  I)clieve  to  the  effects  of  a  small 
fall  in  Nxly  temperatun-  al>M-nt  during  heniorrhajp*. 

g.  i.  In  the  tn'atment  of  hemorrhiige  and  sluH-k  transfusion  lM>lh  of 
bltMxl  nn<l  of  inert  solutions  in  pntrtir«'<l.  So  far  as  I  am  aware,  apart 
from  supplying  fluid  ami  fluid  tmnsixirt  to  the  tissues,  we  have  rela- 
tively lilde  ex|MTtnicnlal  bii-xis  for  the  tn'atment  of  conditions  «>f 
lowcnv)  blood  pn-ssure  by  inert  injection*  and  particularly  henuirrhagr 


»  »y  i: 
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Digitized  by  VjOOQIC 


EFFECTS   OF   HEMORRHAGE   AND  TISSUE-ABUSE  489 

and  ^ock  plus  hemorrhage.  The  data  we  have  is  mainly  of  an  empir- 
ical nature,  namely,  the  beneficial  effects  following  injections  of  saline 
solutions  and  of  colloidal  su8penr»jbB,  It  seemed,  therefore,  that  if  a 
basis  for  such  treatment  is  found  iite  procedures  and  details  of  admin- 
isterii^  injection  might  be  improved.  We  would  in  addition  have  a 
basis  for  modifying  the  nature  of  the  injection  fluid  to  meet  more  nearly 
the  needs  of  the  tissues. 

Looking  upon  blood  as  a  means  of  transport  of  nutrient  material  to, 
and  of  waste  material  and  secretions  from  the  cells,  we  niay  be  justi- 
fied in  assuming  that  either  a  dilution  of  the  blood  or  a  reduction  in 
the  flow  would  interfere  with  both  of  these  functions.  It  is  probable 
that  the  availabihty  of  any  nutrient  to  the  tissues  depends  upon  the 
combination  of  two  factors — volume-flow  times  concentration  of  the 
nutrient  in  question  particularly  when  deficiencies  exist.  This  com- 
bination I  have  called  the  ntUrient-Jhw. 

The  damage  done  by  a  decrease  in  the  nutrient-flow  probably  de- 
pends upon  the  extent  to  which  any  essential  nutrient  (oxygen,  salts, 
alkali,  derivatives  of  fats,  carbohydrates  and  proteins)  is  depleted  as 
the  blood  flows  through  the  tissues.  An  important  question,  there- 
fore, is  to  determine  the  particular  deficiencies  leading  to  disturbed 
nutrition. 

It  appears  that  the  oxygen  supply  to  the  tissues  is  of  utmost  impor- 
tance. This  is  more  recently  borne  out  by  the  demonstration  of  the 
equal  effectiveness  of  the  injection  of  red  cell  suspensions  and  of  whole 
blood  (37)  yet  it  might  be  mentioned  that  the  cells  in  this  case  were 
suspended  in  glucose  solution.  The  beneficial  effect  and  advantages 
of  injection  of  sugar  solutions  noted  by  Sansum  and  Woodyatt  (38), 
Erlsnger  and  Woodyatt  (39),  Erlanger  and  Gasser  and  others  (40), 
(41),  (42),  (43)  and  (44),  in  shock  and  in  other  conditions  indicate  the 
desirability  of  inereaaing  the  sugar  concentrations  of  the  blood.  The 
unsettled  views  on  alkaline  reserve  call  for  further  study  of  this  factor. 
This  phase  of  the  subject  will  be  considered  in  greater  detail  in  the 
discussion. 

It  is  apparent  that  the  increased  volume-flow  produced  by  trans- 
fusion of  whole  blood  within  certain  limits  m^t  be  of  value  in  direct 
proportion  to  the  increased  flow.  The  question  arises — wherein  lie 
the  beneficial  effects  of  inert  injection?  Can  the  nutrient  flow  of  any 
constituent  be  increased  without  its  addition  to  the  circulating  blood? 
If  so,  the  flow  of  blood  must  increase  out  of  proportion  to  the  extent  of 
dilution  eliciting  the  increased  flow.  That  this  occurs  follows  from  the 
previous  observation  that  a  decrease  in  blood  volume  produces  a 
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decrease  in  volume-flow  out  of  all  proportion  to  the  decreased  volume, 
and  from  the  obuervatiot)  that  the  volume-flow  curve  with  decreaMUK 
pressure  may  be  dupUcated  with  nv^ig  pressure  from  acaeia  injection. 
The  question,  however,  can  be  |Mrt  to  the  direct  test  by  mPBouring 
the  volume-flow  with  decreasing  and  increasing  pressure,  multiplying 


Fid- 7.  ('<>miiBruw)n  of  rurvi't>  iif  hiwnUlliiw  of  l>liH>d  in  hemurrhaKr  and  (iiwuv 
nliiii^  ahowintt  the  rpii|HinM'  of  volume-How  lo  injrrlion  of  nrnfia.  With  (alilv  3 
it  illiintrati'ii  thr  rlmmtr*  in  niilrimt-How  acrompanyinii  rlmnftrn  in  voliunr- 
tliiw;  ihr  riir\T  iif  nut  no  tit -flow  i»  rpiirrn-ntpd  by  rrojwi'ii.  Tlip  rtiTVP  niiirtPiit- 
Ho*  it)  rtiHTimi-nt  61  fiillown  Ihp  injmion  nirvc  of  flow. 

by  the  p^TCPutaffc  of  nnl  cells  and  obtnininK  the  nutrietit-fliiw.  TTw 
dnta  from  four  such  experimRntH,  two  on  hemorrhufce  and  two  on 
ti->Mie-»bnM>,  arc  Hbuwn  in  fipm'  7  ami  liible  3.  Tlic  tladi  of  the  It'l- 
tiTt'tl  olMuTvntioiiK  tm>  sivi'M  iti  the  tiiMi-  bliXKl  pn-^'-uri',  vohime-flow, 
IMTi-i-titnip'  of  nil  r<>r|iiiM-li-i<  or  nuirii'iit-4-on(-niiirHliiin,  nu(ri<-nt-How, 
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nutrient-flow  compared  with  the  normal  initial  nutrient-flow  vnlueil 
at  100,  and  the  nutrient-flow  relative  to  the  lowest  nutrient-flow  abm 
valued  at  100.  The  curves  of  nutrient-flow  as  well  as  of  volumtMlow 
are  shown  in  fifoiro  7. 

In  experiment  49  on  hemorrhafco  the  prensure  waa  lowered  to  3d 
mm.  Hg.  The  nutrient -flow  waa  decreased  to  less  than  20  and  wad 
raised  again  by  acacia  injection  to  62.7.  The  value  of  the  highrat 
nutrient  flow  at  ^f  compared  with  that  at  F  is  309. 

In  experiment  48,  also  on  hemorrhage,  the  nutrient-flow  was  de- 
creased to  15.3  but  subsequently  raised  only  to  36.5. 

The  two  experiments  on  tissue^buse  also  reprenent  what  might 
be  looked  upon  as  a  successful  and  less  successful  treatment.  In  one 
case  the  nutrient-flow  was  lowered  to  41.2  and  raised  to  64.2,  in  the 
other  lowered  to  19.4  and  raisetl  to  30.2.  The  failure  to  inipro%-«  the 
nutrient-flow  more  in  these  experiments  is  largely  due  to  a  failure  to 
inject  enough  acacia.  For  exartiple,  in  experiment  51  the  percentage 
of  corpuscles  at  the  height  of  injection  was  48.8.  Further  dilution 
undoubte<lly  would  have  been  accompanied  by  an  incrcnsetl  nutrient 
flow. 

It  is  apparent  from  these  tables  that  in  both  hcmorrhaice  and  in 
tiwue-aliuse  the  condition  of  lowered  blotxl  pressure  may  t>e  markedly 
improvetl  by  the  injection  of  an  inert  solution. 

In  attempting  to  explain  the  increa0c<l  nutrient-flow  accompanying 
increased  volume-flow  from  inert  injection  the  factor  of  pressure  is 
practically  eliminatetl  by  analysis  of  ctmditions  represented  in  figure  7 
experiment  49,  where  pressure  remains  constant  but  volume^flow  rap- 
idly increa*<e8.  By  assuming  the  function  of  the  heart  l«  remain  con- 
stant the  dependence  of  volume-flow  is  re(luce<l  to  three  main  factors  - 
viscoHity,  ca]il>er  of  the  vessels,  and  filling  of  the  heart.  All  of  thexe 
factors  are  undouhte<tly  operative  in  increasing  the  flow. 

Concerning  viscosity,  Tigcrstedt  noted  that  relatively  large  injections 
of  (lefibrinattHl  blooil  affti-lc^l  little  the  ventricular  output  f>f  the  rel>- 
bit  while  similar  injections  of  salt  solution  augmentetl  the  flow.  The 
difference  in  results  he  attriliuietl  to  the  diminution  of  viscosity  of  the 
bl(MKl  by  saline  injivtiun.  Tliis  elTrct  of  dccreawil  viscosity  is  k\hi 
n<itiHi  in  the  shifting  of  the  injiitiim  cur\-e  of  volum«'-flow  to  the  right 
in  figure  7  of  this  [)a[M-r.  But  if  thJK  factor  is  o|M'rHlive  in  incn-aning 
the  nutrient-tlow  it  must  <Ic<tcum>  the  viM'o.iiiy  out  of  prt>p«)rtion  to  the 
dilution  eiilHi]e<l.  An  aimly-.is  of  the  tables  of  Burton-Opiti  would 
indiruie  this  as  a  |>o'>fil>iliiy  if  the  results  of  viM-osity  as  mea^unsi  by 
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flow  of  blood  through  a  glass  capillary  tube  can  be  applied  to  the 
peripheral  flow  of  blood  in  situ.  Though  a  change  in  viscoBity  may 
infiuenee  the  nutrient  as  well  as  the  volume-flow  it  doee  not  appear  to 
be  a  factor  when  gum  acacia  is  injected,  as  is  indicated  by  the  rela- 
tively small  effect  of  change  in  viscorfty  (as  measured  by  the  cor- 
puscles) on  the  curves  of  volume  flow.  This  is  further  borne  out  by 
the  relatively  small  increa^  in  nutrient  and  volimie-flow  elicited  by 
acacia  injection  in  experiment  48  when  compared  with  experiment  49. 

Some  other  factor  comes  into  play.  In  later  experiments  controlling 
the  effects  of  small  intravenous  injections  of  drugs  on  cardiac  output, 
Tigerstedt  noted  that  an  increase  of  the  normal  blood  volume  aug- 
mented the  cardiac  output  out  of  proportion  to  the  injection.  The 
curves  of  volume-flow  of  blood  of  the  submaxillary  gland  show  that  in 
all  stages  of  depleted  blood-volume  injection  of  inert  solution  may  in- 
crease the  volume-flow  out  of  all  proportion  to  the  dilution  produced. 
We  know  from  the  increased  Ailing  of  the  heart  which  occurs  that 
dilution  results  both  from  the  increased  capacity  of  the  heart  and  of 
the  larger  vessels,  and  from  the  increased  volume-flow  occurring  with 
constant  head  of  pressure  that  dilution  must  also  result  from  the 
increased  capacity  of  the  peripheral  vascular  system.  It  is  of  interest, 
therefore,  to  know  how  the  nutrient-flow  increases  despite  these  two 
dilutions. 

The  explanation  of  this  phenomenon,  I  believe,  ia  to  be  found  in  the 
appUcation  of  Poiseuille's  law  for  the  flow  of  fluids  through  tubes,  in 
conjunction  with  changes  in  the  capacity  of  the  vascular  system  accom- 
panying increased  blood  flow.  By  experiments  upon  the  flow  of  dis- 
tilled water  in  capillary  tubes  0.15  to  0.65  mm.  in  diameter  Poiseuille 

reached  the  conclusions  represented  in  the  formula  A  =  —t"  H.  A, 

volume  outflow  per  second,  R  radius  and  L,  length  of  the  tube,  H,  the 
pressure  head,  and  k  the  transpiration  coefficient. 

Assuming  the  length  of  the  peripheral  vessels  directly  determining 
the  volume-flow  to  remain  constant  the  conclusion  in  which  we  are 
particularly  interested  is  that  with  the  same  head  of  pressure  the  time 
spent  in  the  outflow  of  a  certain  volume  of  fluid  through  equally  long 
tubes  is  inversely  proportional  to  the  fourth  power  of  the  diameter  of 
the  tube.  Assuming  further  that  the  capacity  of  the  vascular  system 
increases  only  through  increased  caliber  of  the  peripheral  vessels  it 
mast  follow  that  in  the  increased  volume-flow  and  the  increased  caliber 
of  the  vessels  occurring  in  the  sharp  ascent  of  the  curve  of  basal-flow 
during  injection,  that  the  volume-flow  increases  directly  as  the  fourth 
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power  of  the  caliber  of  the  vessels  while' the  volume  of  the  venxele  or 
the  dilution  increases  only  as  the  second  power  of  the  caliber. 

A  careful  application  of  this  relation  has  not  been  made  but  it  in 
obvious  that  in  the  relation  of  the  fourth  to  the  second  power  icreat 
possibilities  for  improvement  of  nulrient-ftow  by  simple  dilution 
exists.  For  working  out  these  posflibilities,  however,  we  need  infor- 
mation on  the  dilutinK  efTects  of  increased  capacity  of  the  larger  \-eitM-lfl 
produced  by  injection.  The  relative  sixnificanoe  in  chanKM  in  the 
arteriole  and  capillary  bed  munt  also  be  considered. 

It  will  be  noted  that  the  nutrient-flow  increases  during  the  early 
stages  of  injection  while  the  peripheral  vessels  arc  contraclmK  as  well 
as  in  the  later  periods  where  dilatation  occurs.  The  increase<t  nutrient- 
flow  may  be  explained  by  bearinft  in  mind  the  efTects  of  increasing 
head  of  pmnure  and  the  observation  of  Pilcher  an<l  Sollmann  that  at 
the  lower  prcflsurcs  sniall  volume  chanKes  are  most  effective  in  pro- 
ducing pressure  changes. 

Though  the  experiments  described  represent  only  a  preliminary 
study  on  nutrient-flow  they  suggest  some  points  of  significance  in 
treatment. 

Note  that  the  experiments  on  hemorrhage  and  tissue  abuse  in  which 
nutrient-flow  was  most  improved  are  those  in  which  the  injection 
curve  of  flow  more  nearly  appn)xinintes  the  fiml  cur\'e.  In  thc»«* 
insloncGH  the  decreastxl  flow  preceding  inje<-iion  has  had  ielati\-ely 
little  effect  upon  the  vasomotor  center  and  on  the  elastic  propcrtii's  of 
the  bl<K)d  vi-sscls.  Note  alwi  Ihnt  hltle  effect  on  nutrient-flow  i^ 
obtained  until  a  relulively  high  predion-  is  reached  when  a  Mid<len 
incrense  occurs;  eniphnsiung  the  importance  of  not  only  atluininK  « 
high  pn>ssure  but  of  incn-itsing  the  blixKl  volume  still  more  to  over- 
come the  vasoconstriction. 

If  the  decreased  flow  is  prnlongeil  and  has  nwulted  in  greater  chnnfce* 
in  the  vc^.-m'Is  and  in  the  vasomi)tor  center  as  suggested  in  ex|M'rinient 
48,  the  relation  of  voluine-fliiw  to  increaseil  IiIoikI  volume  is  much  tc-.- 
favorablc  for  HUcce«iful  tn-atment.  The  nonua)  n-sjion-e  of  volume- 
Hiiw  to  injection  is  missing,  the  amount  of  dilution  apprcMichi-<  nmn' 
nearly  the  increnwd  voliunc-flow  of  bloo<l  and  the  n-sull  is  a  n-lativrly 
smaller  inipnivenicnt  in  the  outrii-nt-flow. 

Tlie  motv  rapid  incrcii.tc  in  vohiiric-How  with  an  elevation  of  pre*- 
sure  al  the  lower  level.-*  indicates  a  failun'  »f  the  |>eri[>henil  vessels  to 
c<mtnirl  ami  may  n'pn-x-nt  a  ici-nentl  faihire  of  the  vascular  syMinu 
which  reipiin'S  for  a  itivcn  inen-nM-  in  vnhmie-flow  a  jtrt-ater  dilution 
of  the  circulating  M.-l.  llicMby  couolcra.'tiT.K  tin-  U-n.-luial  cff.Hts  ..f 
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dilatation  previously  outlined.  We  are  reminded  here  of  the  failure 
of  the  veno-pressor  mechanism,  (45),  (46),  but  here,  too,  the  relative 
effects  of  changes  in  the  arterioles  and  capillaries  must  be  taken  into 
account. 

Note  that  in  the  better  reactions  the  curve  of  nutrient-flow  parallels 
more  closely  the  curve  of  volume-flow. 

Between  observations  N  and  0  in  experiment  48,  the  mean  blood 
pressure  increased  6  nmi.  Hg.,  the  volume-flow  increased  from  76  to 
86;  the  nutrient-flow,  however,  decreased  from  36.5  to  35.5.  With 
further  injection  blood  pressure  measurements  undoubtedly  would 
have  pointed  to  an  improved  circulation  though  damage  was  possibly 
occurring.  The  observations  point  to  a  limitation  of  the  beneficial 
effects  of  acacia  injection. 

The  condition  of  lowered  blood  pressure  is  a  critical  one  and  calls 
for  radical  treatment.  The  blood  volume  should  be  increased  by 
transfusion  of  blood  or  blood  substitutes.  Gum  acacia  theoretically 
should  and  practically  does  give  beneficial  effects.  As  Bayliss  (47) 
showed,  it  has  many  of  the  desirable  properties  of  blood  and  is  inert 
and  "perfectly  innocuous."  Even  after  large  injections  of  concen- 
trated suspensions  Meek  and  Gasser  (48)  and  Gasser,  Meek  and  Er- 
langer  (49)  find  no  harmful  effects  in  normal  animals.  If  that  is  true 
methods  should  be  available  for  pushing  the  treatment  to  the  limit  of 
its  beneficial  effects  especially  when  blood  is  not  available. 

It  should  be  borne  in  mind  in  pushing  the  injection  that  in  addition 
to  the  over-dilution  there  is  the  danger  of  transudation  augmented  by 
elevated  pressures.  Herein  lies  the  great  difficidty  of  treatment  in 
serious  cases  of  shock  and  of  hemorrhage  going  into  shock,  where 
transudation  is  free. 

DISCUSSION 

Nature  of  shock.  The  preceding  data  show  the  reactions  common 
to  hemorrhage  and  tissue-abuse, — the  initial  rise  of  pressure,  the 
marked  vasoconstriction,  the  relation  of  volume-flow  of  blood  to  blood- 
pressure,  the  disproportionate  decrease  in  volume-flow  to  decrease  in 
blood  volume,  the  decrease  in  alkaline  reserve,  the  normal  response  of 
the  vasomotor  and  respiratory  centers  and  the  response  of  volume- 
flow  to  rise  of  pressure  with  acacia  injection.  In  addition  we  may  have 
dehydration  of  certain  tissues,  the  symptoms  of  thirst,  an  increased 
peripheral  red  count,  etc.,  in  both  hemorrhage  and  shock.  (The 
similarity  of  the  two  conditions  in  connection  with  the  increased  sugar 
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and  a<lrenin  content  of  the  blood  has  been  more  recently  brouKht  into 
quottlion  by  Stewart). 

There  are,  however,  some  conspicuous  points  of  differenre.  In 
hemorrhafte  the  accessory  initiating  factors  doinji •tissue  daoiage  and 
protlucinfc  additional  nutritional  disturbances  may  be  larRely  wantinR- 
The  condition  is  primarily  a  funeral  disturbance  resultinfc  from  a 
decreased  blood  volume  and  volume-flow  accompanied  by  a  dilution  of 
blocMl  which  is  a  rosponse  of  normal  tissue.  The  condition  of  ^hock, 
however,  may  liegin  as  a  local  or  ptnoral  disturbance  permittinic  con- 
centration of  the  blood  from  transudation  and  rosultinK  in  a  decreaM^I 
blmxl  volume  and  volimio-flow.  In  hemorrhaffo  the  ability  to  rc'rt)vi-r 
l<i8t  blood  volume  is  little  affecteil.  In  the  early  Kta^tes  of  shock  thix 
may  likewiw  lie  the  case  as  was  shown  by  C«bl>ett  and  Roy  (.W)  an*! 
by  Vale  (ol).  Though  the  intestines  may  increase  in  volume  from 
transudation  during  exposure  the  perrentaice  of  corpuscles  reniainK 
constant.  The  loss  of  plasma  to  the  intestines  shown  by  the  decTeas4ii 
specific  gravity  of  the  intestines  is  made  good  by  the  fluids  from  other 
tissues  as  is  indicated  by  the  increase<l  specific  gravity  of  the  miwcle. 
The  acccssiotiH  of  fluid  fr<im  the  more  normal  tissues,  however,  soon 
f.'iil  to  keep  pace  with  the  fluid  lost  and  concentration  occurs.  Con- 
centration of  the  blo(Hl  in  accordance  with  these  findings  represents  a 
local  rallicr  than  a  general  condition  and  may  over-emphasiw  the 
difference  l»etween  hemorrhage  and  shock;  yet  Vale  who  confirms  ih*' 
rroults  of  Cobliett  occasionally  finds  that  the  decreased  specific  gravity 
may  occur  under  sjtecial  circumstances  in  all  the  tissues,  (iasser  and 
Erianger  conclude  from  a  study  of  blood  colloids  that  in  aortic  shock 
dilutir>n  of  the  blood  may  occur  in  some  parts  of  the  body  while  con- 
cenlration  from  transudation  occuni  in  other  parts.  It  would  si-em 
that  the  extent  to  which  concentration  is  due  to  a  local  or  general  con- 
dition varies  considerably  and  may  l>e  a  matter  of  significance  ttoth 
concerning  the  nature  and  treatment  of  shock.  One  is  reminded  again 
of  cx|)erimcnt  100  in  which  the  local  inflicted  injury*  was  insufficient  to 
account  for  concentration  from  local  transudation. 

The  greater  severity  of  shock  may  I*  attributed  first  to  the  fact 
that  shock  is  a  result  of  tissue  dimiage  while  in  hemorrhage  tiasue 
damage  may  occur  only  fnHn  prolonge<l  anemia.  In  shock  the  deten- 
oratrtl  ti-wuc  withstands  more  ixKiriy  a  n-<luction  in  volume-flow  than 
does  the  niiin*  nonnal  tissue  in  hemorrhage.  In  hemorrtuge  the 
volume-flow  of  bliHMl  is  im)mive<l  by  dilution  of  the  blocMl;  in  shock 
the  organism,  an  account  of  incn':iscd  i)eno4'nbi)ity,  cannot  take  a«l- 
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vantage  of  the  favorable  relation  of  blood  volume  to  volume-flow. 
While  in  hemorrhage  a  limit  is  aet  to  the  transfer  of  fluids  from  the 
tissues  to  the  blood  by  the  beneficial  effects  derived  therefrom,  no 
limit  is  set  in  shock  and  the  drain  and  transfer  of  fluid  continues 
until  the  mechanism  breaks  down. 

It  may  be  that  in  prolonged  hemorrh^e,  however,  these  points  of 
difference  disappear,  the  tissues  suffer  damage,  the  maintenance  of 
blood  volume  is  affected  and  the  two  conditions  mer^.  In  that  case, 
disregarding  other  effects  of  tissue-abuse,  the  difference  between 
hemorrhage  and  shock  is  one  more  of  sequence  of  processes  than  of 
nature  of  processes. 

There  is  considerable  difficulty  in  bringing  into  proper  relation  the 
effects  of  injurj'  and  henaorrhage  in  conditions  of  lowered  blood  pres- 
sure, particidarly  at  the  front  where  the  two  seldom  occur  alone,  but 
together  in  varying  proportions.  Surgeons  reci^nize  hemorrhage  to 
be  the  most  serious  shock-producing  factor;  yet  attempts  are  made  to 
determine  the  relative  importance  of  shock  and  of  hemorrhage.  One 
finds  this  statement  for  example,  "It  seems  reasonable  to  conclude 
that  the  cause  of  death,  white  in  part  hemorrhage,  was  largely  shock. 
The  total  amount  of  blood  lost  did  not  in  itself  appear  to  be  sufficient 
'to  cause  death."  While  a  partial  differentiation  may  be  made  in 
some  cases  yet  if  the  factor  of  disturbed  circulation  is  of  importance, 
difficidties  will  be  met  for  it  may  be  a  matter  of  indifference  to  the  tis- 
sues in  general  whether  the  volume-flow  is  diminished  as  a  result  of 
external  hemorrhage  or  of  internal  hemorrhage  and  transudation. 
Recall,  e.g.,  experiment  100  cited  on  page  478. 

The  relative  dangers  of  hemorrhage  or  any  other  form  of  tissue- 
abuse  vary  with  the  condition  of  the  individual.  Looking  at  shock  in 
its  broadest  way  jfrom  the  observations  of  Fraser  and  Cowell  (52)  it 
would  seem  that  shock  begins  when  the  individual  moves  from  the 
resting  quarters  to  the  fighting  area  where  the  strain  is  intense.  Thi» 
is  borne  out  by  the  findings  of  Robertson  (53)  on  the  effects  of  bleed- 
ing on  the  donor.  "Even  a  slightly  wounded  man  straight  from  the 
trenches  withstands  the  loss  of  blood  poorly  compared  with  a  man 
(convalescing  in  the  rear)  with  a  sprained  ankle  due,  I  believe,  to  the 
shock  of  battle." 

When  we  bear  in  mind  the  concentration  of  the  blood  and  the  deteri- 
orated condition  of  the  tissues  resulting  from  exertion,  the  inflicted 
injury,  hemorrhage  of  varying  degrees,  exposure,  etc.,  the  prevalence 
of  shock  at  the  front  is  comprehensible.     The  more  frequent  occur- 
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rence  ol  shock  in  the  routed  than  in  the  victorioun  anny  is  intercstinft 
in  this  connection. 

ThouRh  shock  is  looked  upon  in  this  K^neral  way  it  may  appear  that 
the  fartorn  of  dcrrcaRcd  blood  volume  and  volume-flow  of  blood  have 
been  over-omphasizml.  It  is  realize<l  that  various  fomis  of  tixnue- 
abune  cannot  help  but  have  disturbinft  effects  upon  lisHtic  nutrition  * 
for  without  these  effects  an  increased  permeability,  transudation  and 
decreased  vohmic-flow  could  never  result.  Ami  it  mi|[ht  be  stnte<] 
here  that  the  observations  on  the  importance  of  pain  a-i  a  shock-pro- 
ducinfc  factor,  the  central  influence  over  processes  in  the  peripher>', 
the  lil>eration  of  toxins  in  the  injunvl  part,  etc.,  have  not  l>een  dis- 
regarded. In  limiting  the  work  to  volume  and  nutrient-flow  I  do  not 
feel  that  the  point  of  \iew  of  shock  ha."  l)een  narrowe^l  for  all  the  nor- 
mal proces.«es  of  nutrition  are  dependent  upim  an  adequate  volume- 
flow  of  1)Io<hI,  That  various  fomis  of  t is-sue-aliuse  an<)  ti.'«*iie  deter- 
ioration are  t>est  combattcd  by  a  frci-  circulation  appears  well  supported 
by  the  universal  recoKnilton  by  surgeons  of  the  danpT  of  liemorrhaite. 

Shock  is.  therefore,  Icxtkn)  upon  as  a  Kcneral  deterioration  of  the 
ti.x.sues  n-sultinn  from  tissue-abuse.  The  niLHleadinfc  nature  of  the 
term  shock  its  orieinally  iiseil  is  well  recotmint)  and  is  due  to  the  etn- 
phnsix  on  a  disturlianre  of  a  sinfcle  system  in  the  orKanism  (iH).  The 
picture  of  wcondari-  shock,  however,  is  a  fceneral  one  of  disturlml  cir- 
culation and  nutrition  arisinft  from  many  cauM-s  niort-  limitetl  and 
local  in  some  ch-'m-s  than  in  others.  Since  in  everi'  riwe  the  initial 
disturbance  is  t i.-i-sue-ahiise  of  some  form  lc.-idjn([  to  a  Ri-nend  slowinjc 
of  the  circuliilioii.  the  term  triiumiitic-h<i}iiMUnmia  ap|M-ani  Ki-nenJ 
enouxh  to  mri't  all  conditions  and  sjx'cific  enouKh  to  Im-  of  some  descrip- 
tive %'aluc.  Simv  shock  ranmit  Ix'  defined  by  bhMNi  pressure  levels  it 
has  the  iidvantatce  <if  npplyinic  to  nil  stages  of  shix-k  whether  the  pn-«- 
sure  Im'  nonnal.  nlxive  <ir  Ix-low  noniiat. 

Tri'ilmint.  It  is  pnibable  that  the  phkh-jv-ws  m-{  up  by  manipulation 
of  the  intcMin<'«,  by  crushinK  of  nnis<le.  extensive  burns  and  inier- 
fen-nee  with  the  IiUkm]  supply,  etc.,  will  pri'^i'nt  difTcreart-*  and  yet 
certain  I'-.-eiit i:il*  suili  as  ciecr<'ii-i>  in  bl<MNi  vohun<-  with  its  cfl'erts  iin 
volunie-tlow  will  Is-  common  to  all.  Then-  will  then  \to  at  leant  on** 
nimmon  trcutiinTil.  the  pro|>er  incrcisc  of  IiIimmI  vuluitie. 

Ily  a  prii|«'r  inireii.sc  in  lil<HHl-vi>lume  is  me;int  one  which  will  a. 
comlutt  in<-ri-:i-x-(l  {M'nneubility;  h,  injure  a  supply  of  lliilil  to  the  dehy- 
drates] ti-.-ui'^;  r.  eliiil  an  iiKTe.i-Mil  volumr-llow  to  overcome  the 
Ktosis  and  <f.  iiiiprove  the  nutrient-flow  to  overcome  the  nutritional 
disturb:)  rue. 
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a.  The  permeability  may  be  combatted  indirectly  by  improved 
Qutrition  of  the  tissues  and  directly  by  proper  attention  to  the  physical 
and  chemical  properties  of  the  injected  fluid.  This  is  a  problem  in 
itself  and  was  not  made  a  point  of  special  study. 

b.  In  many  cases  of  shock,  particularly  where  there  is  a  marked 
local  transudation,  dehydration  of  tissues  may  be  even  more  pro- 
nounced than  in  hemorrhage.  In  hemorrhage  all  the  fluid  must  be 
supplied  from  the  exterior.  In  shock  without  hemorrhage  a  redis- 
tribution of  the  fluid  by  the  intravenous  injection  of  hypertonic  solu- 
tions producing  itU&nal  transfusion  is  a  possibility.  The  other  method 
consists  in  supplying  fluid  which  will  saturate  all  the  tissues  leaving 
the  locally  damaged  tissue  over-hydrated.  The  choice  of  method  of 
increasing  blood  volume  and  supplyii^  tissue  fluid  woidd  seem  to 
depend  on  the  relative  dangers  of  dehydration  and  over-hydration,  on 
the  relative  importance  of  local  and  general  transudation  (55),  (56), 
(57),  (58). 

c  and  d.  In  this  research  only  the  effects  of  external  transfusion 
are  dealt  with  in  their  relation  to  volume-  and  nutrient-flow.  It 
might  be  noted  that  insofar  as  internal  transfusion  produces  a  dilution 
of  the  red  cells  and  of  the  blood  colloids  the  effects  which  it  produces 
on  the  nutrient  flow  as  regards  some  constituents,  at  least,  are  com- 
parable to  the  effects  of  inert  injection.  But  the  suggestion  of  Er- 
langcr  and  Gasser  that  hypertonic  injection  attracts  a  well  balanced 
salt  solution  into  the  circulation  should  be  noted. 

The  results  on  nutrient-  and  volume-flow  obtained  in  this  research 
were  discussed  before.  Here  we  are  interested  in  their  applicatifin. 
The  nutrient-fiow  is  probably  most  improved  by  transfusion  of  whole 
blood,  but  it  may  likewise  be  increased  several  hundred  per  cent  by 
injection  of  inert  solution.  The  question,  therefore,  arises  which  of 
the  methods  of  external  transfusion  should  be  used  to  combat  condi- 
tions of  lowered  blood  pressure. 

The  answer  to  this  question  depends  largely  upon  the  severity  of 
the  case,  upon  whether  a  nutrient-flow  below  nonnal  will  suffice,  and 
on  the  relative  importance  of  various  nutrients  and  their  minimum 
concentration  compatible  with  normal  nutrition. 

The  disturbances  of  oxidation  noted  point  to  the  prime  importance 
of  oxygen,  yet  a  lack  of  other  nutrients  might  also  lead  to  acid  products 
of  incomplete  oxidation.  The  experiments  of  Abel,  Rowntree  and 
Turner  (59)  in  which  repeated  hemorrhage  was  produced,  returning 
only  the  corpuscles  suspended  in  Locke's  solution,  show  that  relatively 
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Ultle  plasma  is  essential  to  life.  The  equally  good  reeultn  of  trans- 
fusing red  cells  and  whole  blood  in  man  also  point  to  the  red  cell^  as 
the  important  factor  (60).  Rous  and  Wilson  (61),  on  the  other  hand, 
substituting  horse  plasma  for  whole  blood  in  the  rabbit,  diow  the  very 
small  amount  of  hemoglobin  absolutely  essential  to  life.  Mann  ((i2) 
obtains  best  results  in  the  treatment  of  shock  with  the  transfusion  of 
serum. 

In  rabbits  reductions  of  hemoglobin  to  20  per  cent  are  sur\'i\'c<l. 
Much  lower  figures  in  man  are  on  record.  At  the  front  experience 
calls  for  transfusion  of  blood  when  the  hemoglobin  has  fallen  lo  20  or 
30  per  cent,  30  or  40  per  cent  is  still  grave  but  percentages  above  40  per 
cent  are  no  longer  serious  (ftj),  agreeing  with  the  nwulls  of  Bayliss  HM) 
who  finds  a  loss  of  blood  of  50  per  cent  (o  !«  comltatted  with  acacia, 
more  serious  hemorrhages  requiring  transftLsion  of  blood 

At  the  Fourth  Intcr-Allied  Surgical  Conference,  March  II  to  16, 
1918,  transfusion  of  blood  was  recommcndet)  as  the  mcthoil  of  choice 
in  the  treatment  of  hemorrhage.  In  view  of  the  improvement  and  the 
safety  of  transfusion  of  blood  and  the  fact  that  whole  blood  incmiM's 
the  nutrient>flow  to  a  maximum,  critical  cases  at  least  call  for  such 
treatment  but  it  Hcema  that  injection  of  acacia  has  a  definite  place  in 
the  treatment  of  lexs  serious  conditions.  Such  injections  undoubtedly 
would  be  of  great  benefit  in  cases  with  high  pressure  and  moderate 
hemorrhage, — hemorrhage,  however,  which  along  with  other  fomui  of 
tissue-abuse,  is  sufficient  to  initiate  the  condition  of  shock.  Adminis- 
tration of  such  preventive  or  rather  early  treatment  requires  the  early 
recognition  of  circulatory  disturbances.  If  acacia  treatment  is  pushed 
to  the  limit  in  serious  cases  where  blood  in  una\'ailable  siicrtal  pre- 
cautions would  also  bo  required  to  avoid  over-injection. 

As  regar(b  shock  the  Intcr-Alliod  Conference  felt  that  indications 
for  transfusion  of  blood  wore  not  as  well  defined  as  in  hemorrhage. 
In  hemorrhage,  if  the  tbwuee  are  sound,  tissue  damage  and  loos  ctf 
maintenance  of  bItMxl  volimie  result  only  after  prolonged  decreaspd 
flow  and  therefore  if  the  condition  is  combattml  early  good  results  are 
to  be  expecte<I.  In  shock  the  processes  may  be  rewnted,  the  tlecreaaed 
flow  coming  on  as  a  n-sult  of  tUsue  <laniage.  The  dangen  are  lees 
apparent  and  prol>ably  mure  serious.  Though  robust  individuals  may 
be  more  susceptible  to  the  development  of  sliock,  (CobN'tt  and  Er- 
langer  and  (iiuvu-r)  the  severity  of  many  cast-s  is  proltably  due  to  the 
reduction  of  the  factor  of  safely  to  the  minimum  when  the  disturbance 
is  treated.     That  the  factor  of  safety  is  variable  even  in  apparently 
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healthy  individuals  is  iDdicated  in  figures  3  and  4.  Note  for  example 
the  relatively  great  resistance  displayed  by  dogs  87  aud  103.  Though 
tixe  volume-flow  of  blood  is  markedly  reduced  the  oxidatioDs  as  indi- 
cated by  the  horizontal  curve  of  COs  content  are  little  affected.  When 
the  factor  of  safety  is  consumed,  however,  the  break  is  sudden  and 
serious  aa  indicated  by  the  deflection  of  the  respiratory  and  CO}  gra- 
dients. The  slight  resistance  of  dogs  85  and  102  is  indicated  by  the 
prompt  deflection  of  the  gradients  at  the  outset  of  the  experiments. 

The  earlier  stages  and  the  less  serious  cases  of  shock  should  show  a 
more  uniform  response  and  might  well  be  treated  with  various  forms 
of  gum  acacia  injection  so  as  to  restore  the  original  volume  of  blood. 
If  no  hemorrhage  occurred,  but  rather  concentration  of  the  blood,  the 
corpuscular  element,  provided  stasis  is  not  marked,  might  not  suffer 
dilution  below  the  normal.  This  may  also  hold  to  some  extent  for  the 
blood  colloids  for  Gasser  and  Erlanger,  and  Lazarus-Barlow  found  the 
concentration  of  these  colloids  to  increase  with  transudation.  There- 
fore, after  removing  the  initiating  factors  of  shock  the  increased  volume- 
and  nutrient-flow  may  in  themselves  lead  to  recovery  by  improving 
nutrition  and  checking  further  transudation  directly  and  indirectly. 

But  shock  with  hemorrhage  and  serious  cases  of  shock  in  which 
the  capacity  of  the  vascular  system  has  increased  might  respond  better 
with  blood  transfusion  or  at  least  a  mixture  of  blood  and  acacia  sus- 
pension. The  dilution  of  blood  from  acacia  injections  requisite  to 
produce  the  normal  volume-flow  would  probably  lower  the  nutrient- 
flow  below  that  compatible  with  recovery.  Whether  the  failures  of 
treatment  of  shock  by  transfusion  of  whole  blood  are  due  to  trans- 
fusions inadequate  to  maintain  increased  volume-flow  for  a  long  enough 
period,  or  to  the  irreveraibihty  of  vital  processes  should  be  determined 
by  the  employment  of  larger  transfusions. 

The  si^gestions  derived  from  this  work  in  regard  to  treatment  are 
a,  The  importance  of  recognizing  the  relative  dangers  of  various 
forms  of  tissue-abuse, — the  initiating  factors;  b,  The  importance  of 
rect^nizmg  the  condition  of  shock  in  its  earliest  stages  before  the  mean 
blood  pressure  has  fallen  and  serious  damage  has  been  done;  c,  The 
need  of  developing  methods  of  transfusion  insuring  the  maximum 
nutrient-flow  compatible  with  the  conditions  prevailing;  d,  The  desira- 
bility of  developing  special  methods,  other  than  improved  nutrient 
flow,  to  combat  the  permeability  of  the  peripheral  vessels. 

(Among  the  initiating  factors  should  be  included  the  factors  which 
come  into  play  before  as  well  as  during  and  after  the  operation,  for  ex- 
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ample  discomfort,  hunger,  thirst  and  dehydration  of  the  tiamies  from 
punce  entailed  in  the  not  uncommon  preparation  of  the  individual  for 
operation.  The  dan^erB  of  preoperative  dehydration  has  been  reoo([- 
nized  by  Cobbett,  and  LataruB-Barlow  has  shown  that  saturation  of 
the  tisauoR  with  water  tends  to  pre\-ent  concentration  of  the  blood. 
The  enormous  effects  of  a  small  concentration  of  blood  upon  the  vol- 
unie-flow  shown  in  this  paper  indicates  the  advisability  of  preopersti^'e 
hydration  rather  than  dehydration  of  the  tissues.) 

BL-HUARY   AVD  CONTLrslONH 

The  object  of  thin  and  the  prccoding  research  is  to  leam  more  nearly 
the  natuni  of  shock,  to  determine  how  closely  normal  cell  nutrition  in 
dependent  upon  normal  votume-flow  of  blood  and  to  study  the  factors 
controlling  volume-flow  ho  that  this  may  be  more  exactly  contmlle<l 
in  the  treatment  of  conditioiw  of  lowered  blood  pressure. 

On  account  of  the  Himilaritics  of  hemnrrhafiie  and  shock,  the  fre<iuent 
synchronous  occurrence'  of  tlwse  conditions  and  the  recc^tnition  of 
hemorrhage  as  "the  mowt  potent  shix-k  producing  factor,"  this  object 
ftcemcd  best  attainable  by  a  comparative  study  of  the  two  e<mditions. 

With  a  variety  of  mctho<ls  employe*!  a  rloso  dependence  of  normal 
mitrition  upon  nonual  flow  of  blcKxl  was  imlicatetl. 

The  curves  of  l»wal-flow  of  blmxl  plotted  uguinsi  mean  bIo«Hl  pn-w- 
sun-  are  similar  in  hemorrhage  and  tissue-abu.-«'.     They  show: 

a.  That  a  re<luction  of  volume-flow  amounting  to  8."»  per  cent  of 
the  initial  flow  may  wcur  wilh  a  conntniit  heiui  of  pni*sure  or  with  a 
small  change  in  head  of  pressun'-    a  rU<*  us  well  as  a  fall. 

h.  Thitt  this  MUilden  decreiise  in  volume-flow  may  after  a  time  Ik*  as 
Nndd«-iily  check<'<l;  with  a  further  fall  in  pn-ssure  the  flow  may  for  a 
time  nniiiiii  ron-l:ifit,  dft-nviM*  or  even  iiicn*ase. 

r.  That  the  inilial  decr<';ise  in  volume-flow  far  exceeds  that  (M'curring 
durinit  the  Nnh?<c><|ii<-rit  fall  in  pres.>4un'  to  »to. 

The  similarity  of  the  rur^^-s  of  Imsid-flow  of  bliHKl  in  heiimrrhage  and 
ti—n'-iilmw  siigiEf^sis  simitar  vascular  n-artiims  of  similar  origin,-  a 
cli:iiitfe  in  cnlilitT  of  the  vo- cN  Ix-iiig  the  miot  im|>ortant  factor  uwler- 
lyii.K  tin-  deli.-itii.n  «.f  the  curv.-s. 

A  ili-cri'iiM'  in  IiIikmI  volume  i>f  Ic-s  than  10  [>er  cent  produce<l  by 
hi-riiorrliaifc  may  elicit  through  coiL>tri<li<in  of  central  origin  a  de- 
cri;»-4sl  fl»m'  of  blood  through  the  sulimaxillan-  gland  of  more  than  tiO 
IHT  i-eiit  even  tlmunh  :iccomr>:uiieil  liy  a  rise  in  pre».sure, 
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TisBue-abuse  produced  by  manipulation  of  the  intestines  may  pro- 
duce a  diminution  in  volume-flow  equally  as  great,  often  accompanied 
by  a  rise  in  pressure. 

Concentration  of  blood  is  sufBcient  to  explain  this  vasoconstriction, 
but  its  effects  are  probably  augmented  by  a  shunting  of  blood  into  a 
directly  abused  area. 

The  dilatation  following  constriction  in  both  hemorrhage  and  tissue- 
abuse  appears  attributable  mainly  to  deterioration  of  the  vasomotor 
center. 

The  superbasal-flow  of  blood  in  tissue-abuse  as  well  as  in  hemorrhage 
decreases  out  of  all  proportion  to  the  decrease  in  mean  blood  pressure. 

This  decrease  is  attributable  to  the  increased  constrictor  tonus 
which  must  be  inhibited  and  to  the  decreasing  stretching  and  driving 
head  of  pressure  which  takes  advantage  of  the  inhibition. 

The  changes  in  basal-  and  super-basal  flow  along  with  the  close 
dependence  of  normal  nutrition  on  normal  flow  of  blood  explain  the 
changes  in  alkaline  reserve  in  hemorriiage  and  in  tissue-abuse. 

The  relation  of  alkaline  reserve  to  volume-flow  of  blood  was  con- 
sidered. 

The  respiratory  exchange  in  experiments  on  acid  injection  and  on 
hemorrhage  when  plotted  against  carbon  dioxide  capacity  was  repre- 
sented by,  a  straight  line.  This  presumably  indicates  a  normal  response 
of  the  respiratory  center  to  decreasing  alkaline  reserve. 

In  tissue-abuse  variations  of  this  response  occurred  and  are  attrib- 
uted at  present  not  to  an  abnormal  reaction  of  the  center  to  chemical 
stimulation,  but  rather  to  a  varying  r6Ie  played  by  pain  reflexes. 

The  curves  of  basal-flow  of  blood  in  hemorrhage  may  be  duplicated 
in  the  reverse  direction  by  injection  of  gum  acacia  and  then  redupli- 
cated by  a  second  hemorrhage. 

In  tissue-abuse  the  response  appears  to  be  similar.  After  tissue 
damage  occurs  as  a  result  of  prolongation  of  the  decreased  volume-flow, 
the  normal  reaction  of  volume-flow  to  intravenous  injection  disappears. 

By  taking  into  account  the  factor  of  volume-flow  times  concentration 
of  blood,  as  measured  by  the  red  blood  cells,  a  basis  for  treatment  by 
injection  of  inert  solution  may  be  worked  out. 

This  factor  designated  as  nutrient-fiaw  may  be  increased  several 
hundred  per  cent  by  inert  injection. 

This  increase  can  be  attributed  only  to  the  fact  that  the  volume-flow 
is  increased  out  of  all  proportion  to  the  dilution  of  the  blood  eUciting 
the  increased  flow.     It  is  in  agreement  with  the  observation  that  a 


Digitized  by  VjOOQIC 


504  ROBERT   0E8ELL 

decrease  in  volume-flow  is  out  of  proportion  to  the  fipcrease  in  blood 
volume  elicitinK  the  decreased  flow.  It  is  explained  by  an  application 
of  Poiseuille's  law  of  flow  of  fluids  through  capillary  tulxw. 

If  the  effects  of  decreasetl  flow  are  prolonged  the  capacity  of  the 
vascular  sjirtcm  increases  to  such  an  extent  that  dilution  by  injection 
now  approximates  more  closely  the  increased  volume-flow,  thereby 
retarding  the  increase  in  nutrient-flow. 

Despite  an  increased  volumc^flow  and  an  increased  mean  blo(¥l 
pressure,  elicited  by  injection  a  decrease  in  nutrient-fiow  may  occur. 

Such  conditions  seem  to  call  for  transfusion  of  blood  or  at  least  a 
mixture  of  blood  and  acacia. 

The  conditions  developing  in  hemorrhage  and  shock  are  shown  to  be 
same  in  many  essentials. 

Hemorrhage  if  left  untreated  may  merge  into  the  picture  of  shock. 
There  arc,  however,  important  differences  of  which  sequence  rather 
than  nature  of  processes  and  the  dtsturlted  function  of  maintenance  of 
normal  blood  volume  appear  the  most  significant. 

Since  the  combatting  of  various  fonns  of  tissue  abuse  on  the  part 
of  the  animal  depends  to  a  large  extent  upon  an  adequate  volume-flow, 
the  effects  of  even  a  slight  hemorrhage  illustrate  why  it  is  recognised  as 
the  most  serious  occurrence  for  the  development  of  shock. 

Shock  is  looke<)  upon  in  a  very  general  way  as  a  combined  circulatory 
and  nutritional  disturbance  mainly  of  peripheral  origin.  The  condi> 
tion  Ls  initiated  by  a  variety  of  fonns  of  tissue-abuse  producing  tLwue 
damage,  transudation  of  plasma  and  stasis  of  blood.  The  decreased 
bliMxl  volume  eliciting  a  vascular  constriction  re<luces  the  flow  of  bl<MKl 
to  a  lp\-el  lielow  that  CMsontial  for  normal  nutrition  and  far  below  that 
psxentiid  for  deteriorated  tissues.  The  condition  is  thus  sustained  by 
the  diMurlied  nutrition  and  by  the  consequent  inability  on  the  part 
of  the  animal  to  rec<)\-er  the  normal  permeability  of  the  v-essels  and 
therefore  rmtore  the  normal  blood  volume  that  is  so  essential  for  an 
adiMguate  flow  of  blood. 

Since  the  circuliitorj'  and  nutritional  disturbances  are  so  closely 
inlcn|c|>endent,  one  disturbance  may  IxTome  iis  iint>ortant  as  the  other. 

Of  all  the  nuiiienuis  \-icious  cycles  the  intenle[tendence  of  volume* 
flow  and  bl<NNl  %-olimie  with  its  coiiwiiuent  effecis  on  nutrition  and 
tninsiKlation  appcnrs  the  most  serious. 

Whether  the  disturl>e<l  function  of  maintenance  of  blood  %-olump 
n-fiuires  M|H'cilic  trentniciii  or  is  amenable  to  tn'alnient  by  impnmng 
thevoiunii!  and  niiirii-iit-How  with  the  tratiifu-'ionof  bltMxl  or  acmcia  as 
eni].I'iyc.l  in  this  n~«';ir.h  was  not  studied. 
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If  uuprovement  of  the  nutrient-flow  is  an  effective  measure  of  com- 
batting transudation  it  appears  that  similar  principles  of  treatment 
with  certain  modifications  can  be  applied  to  hemorrhage  and  to  shock. 

The  suggestions  on  treatment  of  shock  derived  from  this  work  are: 

a.  The  necessity  of  recognizing  more  fully  the  major  forms  of  tissue- 
abuse  so  that  shock  may  be  more  frequently  prevented. 

b.  The  need  of  early  detection  and  treatment  of  circulatory  dis- 
turbances before  serious  damage  has  been  done. 

c.  The  need  for  the  development  of  methods  to  guide  in  the  amount 
and  nature  of  transfusion. 

d.  The  desirability  of  directly  as  well  as  indirectly  combatting  the 
increased  permeability  of  the  peripheral  vascular  system. . 
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The  disturbance  of  nonnal  oxidations  noted  in  conditions  of  lowered 
blood  pressure  may  be  ascribed  in  large  part  to  the  decreased  volume- 
flow  of  blood,  but  the  problem  <rf  <mdation  is  of  such  importance  that 
it  calls  for  study  fnHn  various  angles.  By  following  the  alkaline  reserve 
we  get  an  indication  of  the  ctnnpteteness  of  the  oxidative  procesaea 
and  find  that  with  decreasing  volume-flow  of  blood  there  is  a  piogna- 
sively  increasing  rate  of  neutralization  of  the  alkahne  reserve.  As  the 
alkaline  reserve  of  the  blood  diminishes,  two  things  may  happen:  an 
increased  hydrogen  ion  concentration  in  the  blood  or  an  increased 
ventilation  of  the  blood  flowing  through  the  lungs  preventing  this 
concentration. 

It  was  to  study  in  a  quantitative  way  the  reaction  of  the  animal  to 
decreased  alkaline  reserve  accompanying  decreased  volume-flow  of  blood 
in  hemorrhage  and  tissue  abuse  that  this  method  of  recording  respiration 
was  devised. 

Though  a  large  Hutchinson  spirometer  may  be  used  to  measure 
either  expired  or  inspired  air  over  relatively  long  periods  of  time  and 
may  frequently  possess  certain  advantages,  it  has  the  disadvantage  of 
lending  Itself  poorly  to  the  graphic  method  of  recording  and  con- 
sequently is  not  well  adapted  to  record  irregularities  and  changes  in 
respiration  which  may  occur  from  time  to  time. 

The  automatically  recording  spirometer  meets  these  disadvantages. 
Its  operation  is  simple  and  it  is,  thefefore,  described  (see  flg.l). 

The  device  is  a  modified  Krogh  spirometer,  filled  to  a  constant  level 
with  room  air  during  each  expiration.  This  air,  then  at  the  disposal 
of  the  animal,  is  partially  inspired  during  each  succeeding  inspiration. 
The  decrease  in  the  volume  of  the  spirometer  occurring  with  each 
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inspiration  is  graphically  recorded  and  by  calibrating  the  instrument 
the  amount  of  air  inspired  can  be  determined.  The  device  operates 
automatically  by  means  of  a  system  of  valves,  an  electtical  contact  and 
a  motor. 

In  the  spirometer  used  in  the  preeent  research  the  Boat,  J,  has  a 
capacity  of  1000  cc.  This  float  iM  pivoted  at  ?  and  balanced  by  wei^t, 
5.  It  is  in  communication  with  the  exterior  by  means  of  valve,  4, 
which  permiu  the  passage  of  air  only  from  the  exterior  to  the  interior. 
The  spirometer  also  communicates  with  the  animal  through  tube, 
4',  the  ether  bottle,  5  and  the  double  respiratory  valve,  6. 


The  double  ri'wpiratory  valve  in  the  unual  valve  employed  for  sep. 
arating  expirtil  from  inspired  air.  I(  ih  mi  connoctM  that  iiupired  air 
iii  drawn  from  the  Hpininicler  and  exbaU-^i  atcain  to  tho  exterior. 

The  upiMT  or  i-xpirator>-  valve,  S,  made  of  inHulsting  material  (mica), 
18  littttl  with  an  electrical  contact  for  activating  the  motor,  7,  which 
fills  the  Rpiruiiictcr  with  air.  The  valve  is  kept  in  place  by  means  of  a 
strip  of  tiiUM'l,  fl,  MoUlen-d  to  the  platinum  plate,  which  wrves  as  an 
electrical  connection.  With  each  expiration  the  platinum  plalo  is 
blown  Hgaintit  the  atljiintable  platinum  contact,  10,  which  clones  the 
motor  circuit  and  the  s[)irtHn('ter  fills. 
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Much  dependa  upon  the  working  of  this  valve.  It  is  therefore 
described  in  some  detail.  In  the  ordinary  respiratory  valve  the  move- 
ments of  the  expiratory  valve  are  very  uncertain.  If  the  respirations 
are  large,  the  valve  may  be  lifted  bodUy  off  its  seat  insuring  a  good 
contact.  Very  often,  however,  the  amount  of  expired  air  is  exceed- 
ingly small  and  the  movements  of  the  valve  proportionately  slight. 
Differences  in  adhesion  are  sufficient  to  make  the  valve  open,  now  at 
one  point  and  now  at  another.  It  was  therefore  desirable  to  devise  a 
valve  which  would  move  freely  and  in  the  same  way,  with  each  expira- 
tion, giving  a  proper  contact  wiUi  the  smaller  expirations,  and  yet 
having  sufficient  capacity  for  the  deepest  respiration.  One  of  the 
methods  which  has  proved  satisfactory  is  described. 

The  valve  is  weighted  by  a  piece  of  lead  foil,  11,  about  5  x  10  x  0.5 
mm.  fastened  to  the  upper  surface  with  Horsely's  wax  in  the  position 
shown.  The  placing  of  the  lead  foil  prevents,  momentarily,  the  rising 
of  the  valve  as  a  whole.  The  lighter  inner  side  rises  to  the  contact, 
the  valve  turning  on  a  hingeless  joint  made  by  placing  the  center  of 
the  weight  over  the  edge,  IS. 

The  smallest  expiration  can  be  made  effective  in  closing  the  motor 
circuit  by  adjusting  contact,  10.  The  opening  of  the  valve  on  the 
contact  side  may  with  a  fine  adjustment  be  too  small  to  allow  the  pas- 
sage of-  the  expired  air  when  the  respirations  are  increased,  but  when 
that  occurs  the  platinum  plate,  blown  up  against  the  contact,  forms  a 
new  pivot  above  and  the  outer  edge  of  the  valve  becomes  the  freely 
moving  part.  It  requires  only  a  small  additional  increment  of  pres- 
sure to  open  this  edge,  the  extent  of  this  opening  varying  with  the 
EUnplitude  of  respiration.  The  valve,  therefore,  adjusts  itself  automati- 
cally to  changing  mt^nitudes  of  respiration. 

The  operation  of  the  apparatus  requires  little  attention.  When  the 
electrical  contact  at  10  is  made  during  expiration,  the  motor  is  acti- 
vated and  the  float  is  drawn  up  by  cord  and  pulley,  IS  and  14.  During 
inspiration  the  motor  unwinds  with  the  descent  of  the  float.  A  hori- 
zontal base  hne,  easily  adjusted  to  any  height  is  obtained  by  checking, 
at  a  constant  point,  the  ascent  of  the  float,  by  means  of  a  cord  attached 
thereto. 

During  expiration  when  the  float  is  raised  the  animal  is  protected  by 
valve  6  against  any  n^ative  pressure  which  may  develop.  Since 
this  valve  closes,  room  air  only  enters  the  spirometer  through  valve 
4.  During  inspiration  valve  8  closes.  The  only  air  accessible  to 
the  animal  is  that  contained  in    the   spirometer, — this   air   passing 
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through  valve  6.  Valves  6  and  8  are  light  valves  the  exact  weight  of 
which  is  of  little  importance  for  the  operation  of  the  spirometer.  The 
weight  of  valve  4,  however,  is  of  considerable  importance.  It  must 
be  heavy  enough  so  that  during  a  strong  inspiration  the  float  ia 
drawn  downward  without  the  entrance  of  au-  through  valve  4  and  it 
must  be  light  enough  and  large  enough  not  to  offer  undue  resistance  to 
the  entrance  of  air  when  the  float  is  raised.  The  disadvantages  of 
much  resistance  to  the  entrance  of  air  are  evident.  It  requires  the 
employment  of  strong  forces,  the  consumption  of  considerable  elec- 
trical energy  with  the  production  of  fling  and  vibration.  By  giading 
the  area  and  thickness  of  the  aluminum  valve,  4,  ojid  employing  a 
minimum  current  in  the  motor  these  difficulties  are  met. 

A  record  of  respiration  obtained  with  this  device  on  the  dog  is  shown 
in  figure  2. 
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INTBODCCnoS 

Tho  effect  of  the  osmotic  pressure  of -a  solution  on  the  excitability  of 
a  nerve,  which  li  immerBei]  in  it,  is  an  important  part  of  the  (tPneral 
IihysioIoRj-  of  Oflinosifl.  There  are  two  hypotheses  in  reftanl  to  it. 
The  one  is  that  a  hypertonic  solution,  which  brinnH  on  a  decrease  of 
water  in  the  nen-e,  causes  an  increase  of  its  excitability,  while  a  hypo- 
tonic solution,  which  brings  on  an  increase  of  water  in  it,  causes  a 
decrease  -of  its  excitability.  The  other  hypothesis  states  jtist  the 
opp(»«ite,  nanteiy,  that  a  hypertonic  solution  causes  a  decrease,  while  a 
hypotonic  solution  causes  an  increase  of  excitability  of  the  ner\'e. 

EckhanI  (1),  Kftlliker  (2),  Birkner  (3).  Schiff  (4)  and  Harlcss  (:,} 
ol>M-r\'C4l  that  drj'ing  a  motor  nerve  or  withilrawinK  its  water  by  means 
of  a  concentrated  solution  of  neutral  siklts,  unta  or  sufcar,  etc.,  caust-s 
nn  irrefcular  excitation  with  clonic  contractions  or  tetanus  of  the 
attached  muscle,  thoufch  Ixith  excitability  and  conductivity  of  the 
nerve  disappean^l  after  a  certain  period  of  time.  This  was  confinne<l 
by  many  workers.  Birkner  and  Harli-^s  also  staleal  that  drying  % 
iiene  increase^l  its  excitability  l)efore  the  npix'arance  of  the  clonic  con- 
t ritri ions.  Tho  latter  entertaine<l  an  opinion  that  the  dr>-inK  clid  not 
a<'t  lis  a  direct  stimulus  to  the  nerve,  but  it  cau.»4-«l  an  increase<l  excita- 
biliiy  sliown  by  a  niusrulitr  resfHmst'  to  a  stimulus  lower  than  the 
threshold  value,  which  stimulus,  when  applied  to  a  nomial  nerx-c,  ([a\-e 
no  re^iKjnse  at  all.  This  hypothesLt  was  ex  [x'ri  men  tally  proved  by 
S-ulxjtin  iti),  Mimdelslanuii  (7)  and  Buchner  iS),  while  I.itnliouric  ;','i 
rather  hUp[H>ned  the  vii^w  of  SchifT,  who  mainlaineil  that  the  wiih- 
drawid  of  water  itM'lf  acted  up<in  the  nerve  as  a  direct  stimulus.  On 
the  other  hand  Kolliker,  Birkner,  Kanke  (lOj  and  llarti  (II)  pntvnl 
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that  a  gradual  decrease  of  excitability  of  the  nerve  took  place  at  the 
time  when  it  waa  immersed  in  water  or  dilute  NaCl  solution.  Ranke 
recognized  a  temporary  increase  of  excitability  in  the  first  stage  of  the 
process.  Ishikawa  (12)  made  many  experiments  and  proved  that  the 
hypotonic  solution  decreased  the  excitability  represented  by  the  thresh- 
old strength  of  electrical  stimulus,  and  that  the  hypertonic  solution 
increased  it,  though  it  gradually  decreased  after  the  solution  acted  for 
a  long  time. 

Durig  (13)  noted,  on  the  contrary,  a  prolongation  of  latent  period 
and  a  diminution  of  the  propc^ation  velocity  of  excitation  in  the  nerve 
of  a  frog  which  had  been  kept  in  dried  air  so  as  to  diminish  the  quantity 
of  water  in  its  body.  Afterwards  Urano  (14)  expressed  the  opinion, 
based  upon  his  own  experiments,  that  the  excitability  was  increased' 
by  a  hypotonic  solution,  while  it  was  decreased  by  a  hypertonic  solu- 
tion.    This  was  supported  by  Renauld  (15). 

Nevertheless  Laugier  (16)  measured  the  threshold  strength  of  con- 
densor  dischaige,  applied  as  a  stimulus  to  a  nerve  which  was  immersed' 
in  a  hypotonic  or  hypertonic  solution,  and  found  that  the  value  of  b  Of 

Hoorweg's    formula,    V  =  ■t:,  +  bR,  increased,  and  the  value  of  a/b 

decreased  in  both  cases. 

The  above  is  an  outline  of  the  work  hitherto  done  on  the  effect  of 
osmotic  pressure  on  the  nerve. 

It  is  interesting  to  determine  which  of  these  hypotheses  is  correct. 
The  first  step  to  be  taken  is  to  examine  the  methods  and  results  of  the 
experiments  which  led  to  these  antagonistic  hypotheses. 

Harless,  who  is  known  as  the  originator  of  the  first  hypothesis,  made 
his  assumptions  without  experimental  proof.  As  far  as  is  known, 
however,  Ssubotin  was  the  first  who  tested  this  hypothesis  experi- 
mentally. He  immersed  the  nerve-trunks  of  nerve-muscle  prepara- 
tions in  concentrated  solutions  of  NaCl,  NaNCfe,  glycerol,  urea  and 
sugar,  and  found  that,  before  the  appearance  of  the  clonic  muscular 
contractions,  the  excitability  was  increased,  which  was  represented  by 
the  threshold  strength  of  electrical  stimulus.  Buchner  also  measured 
the  threshold  strength  of  electrical  stimulus  to  estimate  the  excita- 
bility of  a  nerve  immersed  in  saturated  solutions  of  NaCl  and  urea. 
Hartl  did  (he  same,  immersing  the  nerve  in  water.  Ishikawa  meas- 
ured the  effects  of  various  hypotonic  and  hypertonic  solutions,  each 
containing  the  same  quantity  of  NaCl  but  differing  in  the  content  of 
sugar,  on  the  excitability  of  the  nerve  represented  by  the  threshold 
strength  of  single  induction  shock. 
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The  second  hypothesis  a  baaed  on  the  experiments  of  Urano  and 
Renauld.  Urano  immersed  a  nerve  in  solutions  half  as  concentrated, 
and  twice  as  concentrated  as  the  normal  Ringer's  solution  alternately, 
and  measured  the  threshold  stimulus  of  a  break,  constant  current, 
stogie  induction  shock  and  the  tbreahold  of  mechanical  stimulus. 
Rensutd  preferred  the  discharge  of  a  condensor  as  stimulus,  but 
he  applied  a  method  of  an  artificial  circulation  to  the  hind  legs  of  the 
frog  .so  as  to  test  the  effects  of  hypotonic  and  hypertonic  solutions. 
The  results  of  his  experiments,  however,  necessarily  were  complicated 
by  the  effects  of  the  solutions  on  the  neuromuscular  junctions  and 
muscle  also. 

Now  two  of  the  above  experiments  can  be  taken  as  representatives 
of  the  two  antagonistic  hypotheses, — the  experiment  of  Ishikawa  for 
the  first  and  that  of  Urano  for  the  second. 

In  the  present  work,  a  series  of  these  two  experiments  was  repeated 
by  the  writer.  Then  the  method  of  estimating  the  excitability  of  the 
nerve  was  examined  and  it  was  found  that  the  threshold  strength  of 
electrical  stimulus  could  not  represent  the  excitabiUty  of  a  nerve  in 
this  case.  Hie  effects  of  hypotonic  and  hypertonic  solutions  wet« 
determined  by  means  of  measuring  the  propagation  velocity  of  exci- 
tation through  an  affected  nerve. 

TEST   or   URANO'S    AND    ISRIKAWa's    EXPERIMENTS 

Hie  methods  taken  in  the  experiments  of  Urano  and  Ishikawa 
agree  with  each  other  in  using  a  nerve^muscle  preparation  of  a  frog  as 
the  material,  and  also  in  measuring  the  threshold  strength  of  a  break, 
single  induction  shock,  to  estimate  the  excitabiUty  of  the  nerve,  but 
differ  from  each  other  in  the  following  two  points. 

1.  Urano  used  as  the  hypotonic  solution  a  Ringer's  solution  made 
half  as  strong  as  the  ordinary  Ringer's  solution,  and  as  the  hypertonic 
solution  a  Ringer'H  solution,  mule  twice  as  strong  as  the  ordinary  one. 
Ishikawa,  however,  in  all  bis  Kolutions,  useil  the  same  concentration  of 
NaCI,  that  juxt  sufficient  to  maintain  the  activity  of  the  nerve,  and 
made  ihcHC  nolutiorui  either  hypotonic  or  hypertonic  by  adding  various 
quantities  of  HacchantNe  to  them. 

2.  Urano  inmierwKl  the  no^^-e-trunk  in  his  hypotonic  and  h>'pc>r- 
tonic  Mtlutions  alternately  for  four  hours  at  a  time,  and  measured  its 
excitability  at  the  end  of  each  period.  Ishikawa,  however,  put  a  part 
of  the  ner\-e-trunk  in  his  Hpecially  prtiian-d  vessel  containing  the  solu- 
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tioti,  and  measured  the  changes  of  its  excitability  with  respect  to  time 
during  the  period  of  immersion. 

In  the  present  research,  the  solutions  prepared  according  to  Urano 
and  Ishikawa  were  used  separately,  so  as  to  repeat  their  experiments, 
but  the  latter'a  method  was  preferred  to  the  former's,  for  it  was  then 
possible  to  better  study  the  changes  of  excitability  of  the  nerve  at 
intervals  while  the  solution  was  acting. 

As  the  material  of  the  experiments,  a  sciatic  nerve  of  a  bull-frog 
(Bufo  vu^aris  variata  japonica)  with  gastrocnemius  muscle  attached 
was  used.  A  part  of  the  nerve  was  put  in  a  vessel  prepared  according 
to  Ishikawa.  This  vessel  is  a  glass  tube  which  has  two  small  holes 
each  on  the  opposite  wall.  The  nerve-trunk  was  put  through  these 
holes  and  the  space  between  the  nerve  and  hole  was  pli^ged  with  vase- 
line to  prevent  the  solution  from  leakii^  out.  The  solution  was  poured 
into  the  vessel.     The  nerve  was  touched  by  three  pairs  of  platinum 


platioum 

electrodes,  which  were  alternately  used.  One  pair  (m  in  fig.  1),  which 
were  in  the  tube,  made  contact  with  the  nerve  near  the  side  of  the 
vessel  which  was  opposite  the  muscle.  This  electrode  was  used  to 
test  the  excitability  of  the  affected  part  of  the  nerve.  The  other  two 
pairs  were  put  outside  the  tube;  the  one  (c  in  %.  1)  touching  the  cen- 
tral part  of  the  nerve  and  the  other  (p  in  fig.  1)  touching  the  periph- 
eral part  of  the  nerve.  The  former  was  used  to  test  the  conduc- 
tivity of  the  affected  part  of  the  nerve  while  the  latter  was  used  to 
test  the  indirect  irritability  of  the  attached  muscle.  When  the  muscle 
showed  any  change  in  irritabihty  as  was  elicited  by  the  last  electrode, 
it  was  thrown  out  of  the  series.  With  respect  to  this  method,  see  also 
Ishikawa's  paper  (12). 

After  the  nerve-muscle  preparation  was  dissected  -  out  it  was  pre- 
served in  Ringer's  solution  for  one  hour  and  then  put  into  the  vessel  as 
prepared  above.     It  was  then  allowed  to  remain  here  for  two  hours  so 
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afl  to  recover  from  any  mechanical  influence  on  itfl  excitability.  Thi« 
latter  proce<lure  was  advocatc<l  by  Frdhlich  (17).  The  experiment  waa 
then  commencwi. 

The  part  of  the  prejtaration  otitmdc  the  vph«p1  was  ooverwl  with 
cotton  soaked  with  Hinger's  solution.  The  cotton  was  taken  off  at 
the  time  of  each  meaaurement.  The  whole  apparatus  was  put  in  a 
moist  chamber. 

When  meamiriuR  the  excitability,  the  solution  waa  remove<t  and  all 
.  the  drope  of  the  solution  attached  around  the  nerve  and  the  eleclrodos 
were  wiped  off  with  a  hair-pencil,  so  that  a  short  circuit  miitht  not 
occur. 

The  stimulating  current  was  supplied  by  an  induction  eoil.  The 
primary  was  connected  in  serien  with  an  accumulator,  a  wire-rc!<if<tanc« 
and  a  platinum-mercury  key.  The  secondary  coil  was  connertetl  with 
any  one  of  the  three  pairs  of  electrodes  of  the  vessel  by  means  of  Pohl's 
commutators  without  cross  wires.  A  break  induction  shock  was 
ap|Hie<l  to  the  nerve  in  the  descending  direction. 

The  concentrations  of  the  phyaiological  saline  and  of  isotonic  dcx- 
troHC  solutions  were  as  follows. 

Ilinger's  solution:  0.67  Kram  NaCI,  0.02  gram  KCI,  and  0.02  (tram 
CaClj  (dried)  in  100  grams  water. 

Physiological  NaCl  solution:  0,70  gram  NaCI  in   100  grams  water. 

Isotonic  dextrose  solution:  4.0  grams  dextrose  (without  water  of 
cr>-Htallization)  in  100  grams  water. 

All  thes<'  solutions  depn-ss  the  fret-zing  point  equally,  i.e.,  A  = 
-  0.4[4°('.  Tlic  solvent  of  the  solutions  was  water  distille^l  through 
a  gltisB  or  tin  worm. 

Two  kinds  of  hypertonic  solutions  were  use<],  namely  I'rano'H  and 
IsliikawaV.  The  former  has  n  tim<-s  the  concentration  of  saline 
soluti's,  as  the  physiological  sidine  solution,  ami  for  the  sake  of  con- 
venience the  writer  calls  this  "n  X  saline  solution,"  while  the  latter  is 
prt'iMiredby  diwtolviiign— 1  times  as  much  dextrose  as  is  pnitent  in  the 
isotonic  solution  in  the  physiological  NaCl  solution,  which  the  writer 
calls  "IshikiLwa's  n  X  solution"  or  "NhCI  -|-  (n— I)  X  dextniw  B<ilu- 
tion."  The  OKiiiotic  pres.sure  of  the  phyotologicid  solutiim  is  call(>l 
"the  physiological  pressure."  . 

The  exjM-rimciits  were  CHrrje<l  on  in  the  two  succet-ding  winters  of 
I!fl4  to  lUl.i  and  1915  to  1016,  in  a  r<M>m  without  heat,  so  thai  tlie 
iiiuvlr-iicrvc  pn-jtarations  might  kwp  their  activity  for  as  long  a  time 
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as  poBsible.  It  was  found  that  the  nerve  inuneraed  ia  the  physiologicaJ 
NaCl  Bolution  kept  its  excitability  unchanged  for  fifty  hours  at  8  to 
10°C.,  and  for  more  than  twenty  hours  when  at  14  to  15''C.,  and  for  a 
longer  time  when  the  nerve  was  immersed  in  Ringer's  solution.  The 
experiments  for  this  paper  then  were  never  continued  longer  than  this 
time  at  the  temperature  noted. 

The  results  of  the  experiments  show  the  following  facts.  The  2  X 
NaCl  and  2  X  Ringer's  solution  gradually  decreased  the  threshold 
strength  of  the  electrical  stimulus,  agreeing  here  with  Urano's  experi- 
ments, while  the  1.3  X  and  1.5  X  NaCl  solution  caused  a  slight  and 
irregular  change  of  the  threshold  strength.  Experiments  1  and  2,  out 
of  seven  observations  made,  will  serve  as  examples. 

Experiment  1.     Effect  of  S  X  Ringer's  solution.     Temperature  B.8  to  10.e°C. 
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On  the  other  hand,  Ishikawa's  2  X  and  3  X  solutions  (NaCl  +  1  X 
dextrose  and  NaCl  +  2  X  dextrose  solution)  surely  increased  the 
threshold  strength,  but  after  several  hours  gradually  decreased  it,  both 
results  agreeing  with  those  of  Ishikawa.  Six  observations  were  made, 
'  one  of  which  is  shown  in  experiment  3.     ' 
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Bzperimeni  I.     Bgtct  of  I.S  X  S'aCI  tolulion.     Temptrature  9.1  Id  7.8'C. 


0.9  per  cent  NaCI  aotulio 
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Brptrimtnl  3.     EfffI  of  XaCl  +  (  X  dtilroK  nodi/.on. 

Trmpfra 

urr  60  I..  8  2V. 

T»»M«f»lr 

'°""°' 

nut 

"'^JT?™!?'"' 

l«n 

•...1. 

[ 

0 

0 

30.5 

10 

43.0 

30 

44  5 

30 

44  5 

10 

44.5 

40 

430 

30 

435 

30 

43  5 

II      4 

30 

42  5 

5 

0 

43  0 

15 

3SS 

Ak  the  hypotonic  nolution  l>oth  Urano  and  Inhikawa  utioH  diluted 
naline  Kolutionn,  but  ohtaintn]  quite  difTereiit  results.  The  result  of 
the  writer'rt  own  ol>!«(rvation»,  however,  difTere<l  nomowhat  from  twth 
(hc^x*  ol«Her\'cr«.  The  \  NaC'l  solution  showed  no  remarkable  ehange 
of  the  threshold  Htrenffth  of  electrical  stimuluK.  The  )  saline  solution 
in  moMt  rtkM-M  Hlioweil  an  tnc^'ase  of  the  thn>s)ioni  strenRlh  at  fin>t  and 
then  a  <leerea«e  of  it ;  while  in  some  cnses  a  ilcereaw  was  o1>mt\'mI  from 
the  l>e|[innin|[ ;  agiiin  in  another  cil-w,  no  remarkable  change  was  appor- 
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ent  at  all.  The  J  NaCl  solution  increased  the  threshold  value  at  first 
for  a  short  period  and  then  decreased  it  remarkably.  Examples  of 
these  cases  are  to  be  found  in  the  following  experiments  4  and  5,  taken 
from  a  series  of  e^t  observations. 

BxpentntrU  4.    Effect  of  J  NaCl  lotuiion.     Temperature  0.8  to  B-CC. 
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Experiment  f.    Effect 

of  1  NaCl  tolulion. 

Temperature  7.0  to  B-O'C. 
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But  it  is  poBsible  that  the  efFccts  of  the  diluted  saline  solutions  m«o- 
tionc>d  above  are  due  to  the  inequaUty  of  ionic  concentratioa.  To 
avoid  this,  the  nerve-trunk  was  immersed,  in  the  following  experi- 
mcnt«,  at  Bret  in  an  isotonic  J  saline  +  J  dextroee  solution  for  3  to  10 
hount,  until  an  equilibrium  of  ionic  concentration  was  obtained,  and 
then  it  was  immersed  in  a  )  saline  solution  to  allow  a  lower  osmotic 
prexflure  to  affect  the  ner\'e,  independently  of  the  inequaUty  of  ionic 
concentration.  These  experiments  show  that  there  is  ahnost  no 
change  of  threshold  strength  of  electrical  stimulus  in  the  isotonic  solu- 
tion, but  a  gradual  decrease  of  it  is  seen  in  the  )  saline  solution.  In 
the  rase  of  an  isotonic  \  saline  + 1  dextrose  solution  being  applied  at 
firat  to  the  nerve  and  then  }  saline  solution,  almost  the  same  result  is 
obtainnl  as  above  except  an  initial  increase  of  the  threshold  strength 
caufle<l  by  the  isotonic  solution.  E^xperiment  6  is  quoted  here  out  of 
seven  observations  made. 
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Tln'  rctultM  Htiitwl  almvf  make  the  writer  skcpliral  an  to  whether  or 
not  lh«'  excitability  of  the  ncr\'o  is  roally  repn-sentwl  by  the  thmhold 
Mrt'iiKih  of  electrical  HtitimluH. 
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CAN  THE  EXCITABILITT  OF  THE  NERTE  BE  REPRESENTED  BT  THE  ' 
THRESHOLD  STRENGTH  OF  ELECTRICAL  STIBIULUB? 

It  has  been  the  common  method  to  eBtimate  the  excitability  of 
nerve  by  measuring  the  threshold  strength  with  electrical  induction 
shocks  applied  as  a  stimulus  to  the  nerve.  The  popularity  of  this 
method  is  due  chiefly  to  the  readiness  of  its  treatment  and  the  exact- 
ness of  its  results.  But  special  care  must  be  taken  in  adoptii^  this 
method  when  measuring  the  effect  of  osmotic  pressure  on  tlie  nerve. 
The  reason  is  this: 

Tanemura  (18)  showed  that  the  electrical  resistance  of  a  nerve  im- 
mersed in  a  hypotonic  or  hypertonic  solution  varied  widely  according 
to  the  increase  or  decrease  of  its  saline  contents,  and  that  such  a  varia- 
tion of  the  electrical  resistance  caused  a  deviation  of  the  threshold 
strength  of  electrical  stimulus.  It  was  also  found  by  the  writer  (19) 
that,  in  the  case  of  the  isotonic  si^ar  solution,  the  variation  of  elec- 
trical resistance  of  the  nerve  made  it  impossible  to  estimate  its  excita- 
bility by  the  threshold  strength  of  electrical  stimulus,  and  that  the 
excitability,  in  such  a  case,  could  be  represented  by  the  threshold 
strei^h  of  mechanical  stimulus  or  the  propagation  velocity  of  excita- 
tion through  the  affected  part  of  the  nerve.  Judging  from  these 
experiments  it  is  quite  certain  that  the  threshold  strength  of  electrical 
stimulus  of  the  nerve,  which  was  acted  on  by  a  hypotonic  or  hyper- 
tonic solution,  implies  an  error  due  to  the  variation  of  electrical  resist- 
ance of  the  nerve.  Therefore  the  threshold  stretch  of  electrical 
stimulus  does  not  represent  the  real  excitability  of  the  nerve,  that  is  to 
say,  the  induction  current  which  passes  through  the  nerve  is  deformed 
by  the  variation  of  electrical  resistance  of  the  nerve,  and  accordingly 
the  stimulating  factor  of  the  current  is  chai^d. 

For  this  reason,  in  studying  the  effect  of  osmotic  pressure  on  the 
excitability  of  the  nerve,"  a  method  for  measuring  the  excitability 
should  be  adopted  which  will  not  be  influenced  by  any  variation  of 
electrical  resistance  of  the  nerve,  in  the  writer's  former  report  (19) 
it  was  stated  that  the  threshold  strength  of  mechanical  stimulus  or  the 
propagation  velocity  of  excitation  gave  exact  results  for  the  excita- 
bility in  the  case  of  the  isotonic  sugar  solution.  In  the  present  re- 
search, however,  it  was  found  that  the  threshold  strength  of  mechan- 
ical stimulus  showed  irregular  variations  in  many  experiments,  though 
the  method  was  just  like  the  former  one.  This  might  be  due  partly 
to  the  change  of  the  thickness  of  the  nerve  depending  on  the  con- 
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ceDtration  of  the  solutions  in  which  the  nerve  was  inimerapd.  Coo- 
aequently  there  is  only  ooe  method  to  be  used,  that  is,  the  measure- 
ment of  the  propagation  velocity  of  excitation  in  order  to  estimate  the 
excitability  of  the  nerve  affected  by  the  change  of  ocmotic  pressure. 

UABUBSHENT  OF  TBI  PROPAGATION  TXLOCTrT  OF  EXCTTATION  THSOCGB 
A    NBRVS 

It  ia  well  known  that  the  local  excitation  at  a  vtimulated  point  and 
the  propagation  wave  of  excitation  which  passes  throu^  titis  point 
d^>end  upon  the  same  phjrsico-cbemical  reaction  in  the  nervous 
douent  (20).  That  is  to  say,  the  excitability  and  pn^Migition  velocity 
are  two  functions  of  the  same  reaction,  and  they  vary  parallel  with 
each  other  under  changing  conditions.  Hence  it  follows  that  the 
excitability  d  a  nerve  at  a  given  paint  can  be  estimated  by  measuring 


Pig.  2.  The  unagetofeai  of  electrode*  for  recordiDg  the  actioD  eumnt;  c,  m 
uid  p  are  plattoum  electrodea.  B  uid  B"  sro  s  ptur  of  noa-polkru*bl»  ele«- 
trodr*,  which  lead  oft  the  kUod  current  to  the  g&lvftlioinet«'-. 

the  propagation  velocity  of  the  excitation  wave  which  passes  throui^ 
that  point.  This  is  the  only  reliable  method  of  estimating  the  excita- 
biUty  of  a  nerve  affected  by  osmotic  pressure,  as  has  idready  bern 
pointed  out. 

To  measure  the  propagation  velocity,  the  nerve  is  stimtdated  at  two 
points,  one  at  the  central  end  and  the  other  at  the  peripheral  end  of 
the  affected  part,  and  the  velocity  is  calculated  from  the  difference 
between  the  latent  periods  of  the  action  current  •caused  by  the  same 
stimulus  given  to  each  point.  An  Einthoven's  string  galvanonictcr  is 
usrnt  to  record  the  action  current.  The  arrangement  of  the  appanilus 
has  already  been  described  in  a  fonner  report  (19).  Refer  also  (o  the 
figure  2  and  the  explanation  of  figure  3.  A  quarts  string  of  2300  ohm 
rrHi-ttance  was  wvhI  which  was  drawn  as  tight  as  powiible  but  not  tight 
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eDough  to  produce  any  self-oscillation  The  velocity  thus  calculated 
might  imply  an  error  of  4  to  6  per  cent. 

la  each  of  the  various  experiments,  the  threshold  strength  of  elec- 
trical stimulus  was  also  measured,  for  the  sake  of  comparison,  at  the 
same  time  when  the  velocity  was  taken. 

There  is  a  difference  in  the  excitability  of  nerve  in  reference  to  the 
threshold  strength  of  electrical  stimulus  and  the  propagation  velocity 
of  excitation  The  latter  measured  by  the  method  menjioned  above  is 
the  mean  velocity  of  all  fibers  of  a  nerve-trunk,  while  the  former  is 
the  excitability  of  a  few  fibers,  though  theoretically  a  single  fiber  is 
desired.  When  a  nerve-trunk  is  immersed  in  a  solution,  the  outer 
layers  of  the  trunk  are  affected  by  the  solution'  more  rapidly  than  the 
inner  layers. 

It  was  seen  that,  when  a  nerve  is  immersed  in  physiological  saline 
solution,  there  is  no  change  in  the  propagation  velocity  for  fifty  to 
sixty  hours  at  8  to  10°C,  and  for  twenty-four  hburs  at  15''C.  The 
series  of  experments  here  reported  was  then  made  within  these  limits 
of  time.  The  temperature  was  kept  as  low  as  possible,  for  the  higher 
Hie  temperature,  the  greater  the  velocity  becomes,  and  accordingly 
the  error  of  measurement  increases. 

The  results  of  the  experiments  are  as  follows: 

/,  The  effect  of  hypertonic  stAutiOTis.  At  first  Urano's  hypertonic 
solution  was  used.  When  a  nerve  was  immersed  in  a  2  X  NaCI  solu- 
tion, the  propagation  velocity  gradually  decreased  durii^  the  first 
several  hours  until  an  equilibrium  was  established.  When  the  hyper- 
tonic solution  was  replaced  by  a  physiological  saline  solution,  the 
velocity  was  gradually  regained.  In  1.5  X  and  1.75  X  NaCI  solution, 
similar  results  were  obtained  with  a  slight  change  of  the  velocity. 
Seven  experiments  were  done  with  the  same  results,  one  of  which  is 
given  in  experiment  7. 

In  a  4  X  NaCI  solution,  the  velocity  decreased  more  rapidly  than  in 
the  fonner  case  and  the  action  current  became  weaker  and  weaker 
until  it  disappeared  as  the  nerve  fibers  gradually  lost  their  conductivity. 
When  the  solution  was  replaced  by  a  physiological  salt  solution,  the 
nerve  recovered  its  conductivity  and  the  velocity  of  prop^ation  was 
increased.  In  a  6  X  NaCI  solution,  the  velocity  decreased  still  more 
rapidly  and  the  action  current  disappeared  in  a  shorter  time.  In  a 
7  X  NaCI  solution,  the  action  current  disappeared  after  15  minutes. 
In  such  a  short  time  it  was  impossible  to  examine  the  rate  of  decrease 
of  the  propagation  velocity.  By  way  of  example,  an  experiment  with 
4  X  NaCI  solution  is  shown  in  experiment  8. 
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Exptriment  7.     Effrct  of  I  X  .S'aCt  mltilion.     Temperature  7,0  lo  9.0°('. 
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In  a  more  concentrated  solution  than  4  X  NaCI,  it  was  found  that 
an  excitation  of  the  nerve  occurs  after  the  nerve  is  immersed  a  certain 
time.  This  is  indicated  by  spontaneous  clonic  contractions  or  a 
tetanus.  This  makes  the  measurement  of  the  threshold  strength  of 
electrical  stimulus  impossible.  When  these  contractions  occur,  the 
galvanometer  shows  no  action  current  so  that  the  measurement  of  the 
propagation  velocity  is  not  impeded.  The  reason  why  the  galva- 
nometer shows  no  action  current  is  this:  The  excitation  of  each  nerve 
fiber  occurs  at  a  different  time,  so  that  both  phases  of  the  action  cur- 
rents in  different  fibers  are  neutralized  by  each  other,  thus  making 
it  impossible  for  the  currents  to  be  united  and  become  of  measurable 
intensity. 

Next  Ishikawa's  hj^wrtonic  solution  was  used.  In  bis  2  X  solu- 
tion (NaCl  +1  X  dextrose  solution),  the  velocity  began  to  decrease 
gradually  from  the  beginning  of  the  action  of  the  solution,  but  slower 
than  in  the  case  of  2  X  NaCl  solution.  When  the  solution  was  re- 
placed by  ft  physiological  salt  solution,  the  velocity  was  regained 
gradually.  In  his  1.75  X  solution  (NaCl  +  0.75  X  dextrose  solution), 
a  little  decrease  of  the  velocity  was  seen,  while  in  the  1.25  X  solution 
(NaCl  +  0.25  X  dextrose  solution)  and  in  the  1.5  X  solution  (NaCl  + 
0.5  X  dextrose  solution),  its  decrease  was  so  slight  that  it  might  be 
regarded  as  an  experimental  error.  Seven  experiments  were  made,  all 
with  the  same  results,  one  of  which  is  shown  in  experiment  9. 

Experiment  9'.     Effect  of  Ishikaica'a  S  X  solulion.     Temperature  8.0  to  P.3°C. 
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In  Isbikawa's  4  X  solution  (NaCl  +  3  X  dextrose  solution) ,  the  veloc* 
ity  decreased  rapidly.  In  the  6  X  solution  (NaCI  +  5  X  deirtrose 
solution),  it  decreased  still  more  rapidly  and  the  action  current  beconif 
weaker  and  weaker  until  after  several  hours  it  disappeared  altoftether, 
thus  making  (he  measurement  of  the  velocity  impossible.  In  the  7  X 
solution  (NaCl  +  6  X  dextrose  solution),  the  action  current  disap- 
peared after  an  hour  and  at  the  same  time  clonic  contractions  appeared 
in  the  muscle.  By  way  of  example  an  experiment  with  6  X  solution  is 
shown  in  experiment  10. 


Eiprrimfnl  10.     Bffflof  hhikawa^e  X 
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xln'nic'h  of  vliTiri(:il  r>tiiiiiiliiN.     Thi'  hinln-r  Ihi'  iiMiintic  pn'xtiir**.  the 
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more  rapidly  the  velocity  decreases.  The  effect  of  a  concentrated 
NaCl  solution  is  stroi^er  than  that  of  a  NaCl  +  dextrose  solution  of 
the  same  osmotic  pressure.  This  is  to  be  expected  considering  the 
difference  of  diffusion  velocity  of  salt  ions  and  dextrose  molecules. 

S.  The  effect  of  hypotonic  sohUions.  In  the  )  saline  solution  the 
propagation  velocity  of  excitation  graduaUy  ■  decreased,  quite  apart 
from  the  variation  of  the  threshold  strength  of  electrical  stimulus. 
When  the  solution  was  replaced  by  a  phydological  salt  solution,  the ' 
velocity  was,  in  some  cases,  restored  to  a  certain  degree,  while  in  other 
cases  it  was  not.  Experiment  11,  taken  from  eleven  experiments,  illus- 
trates these  points. 

ExperimeTU  It.     Effect  of  }   Binger't  tolution.     Ttrnperature  9.9   lo  H.O'C. 
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In  the  i  or  J  saline  solution,  the  velocity  decreased  still  more  rapidly 
than  in  the  first  case  and  the  conductivity  disappeared  after  a  certain 
time.  When  the  sohitioa  was  replaced  by  a  physiological  solution, 
the  original  value  for  the  velocity  was  not  regained  but  some  indica- 
tions of  restoration  were  seen  by  the  reappearance  of  the  velocity 
which  had  previously  disappeared.  Exfwriment  12  will  serve  as  an 
example. 
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Exptriment  II.     Effect  of  J  NaCt  tofulion.     Ttmptrature  7.0  to  8.S*(\ 
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Next  the  effort  of  the  lower  osmotic  pressure  wm  studied  which  did 
not  imply  a  ronditioti  of  inequality  of  ionic  concentration.  It  was 
first  M%n  that,  in  the  isotonic  }  NaCl  +  )  dextrose  solution  or  }  NaC1 
+  ]  dextrotie  solution,  the  velocity  decreased  a  little  and  then  attained 
an  Miuilibrium  after  5  to  7  hours.  The  result  of  six  experiments  done 
eonfirmod  this.  Then,  when  a  nerve  was  immereed  in  an  iaotonir 
)  Na('l+  )  dextrosesolutionandaftcr  the  equilibrium  stale  of  the  veloc- 
ity was  attained,  the  solution  was  replaced  by  a  )  NaCI  solution.  The 
result  was  a  gradual  decrease  of  the  velocity  without  aoy  indication  nf 
its  increase.  The  same  procedure  of  experimentation  was  adopted  in 
reference  to  another  set  of  eolutions,  namely,  isotonic  }  NaCI  +  J 
dextroM  solution  and  }  NaCI  solution,  with  the  same  result.  But  Iho 
decrease  of  the  velocity  in  the  latter  series  of  experiments  was  so  rapid 
that  after  five  hours  the  nerves  lost  their  conductivity,  ^lien  the 
hypotonic  solution  was  replaced  by  the  isotonic  solution,  a  certain 
defcree  of  the  velocity  was  restorc<t.  I-^pcrimcnts  13  and  14,  taken 
from  five  experiments,  will  serve  as  examples. 
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Experimeta  13.     Effect  of  i  NaCt  solution.     Temperaturt  U.O  to  H.S'C. 


■obcnoK 

... 

■TmiHOTB  or 

rBOTAaiTIOlf 

viLoonor 

(■.  PU  ■■0.) 

ktun 
0 
2 
4 

0.5 

1 

2 

4 
9 
15 

2 

4 

1 
2 

S5.0 

56.6 
57.0 

57.0 
57.0 
57.0 
56,5 
54,0 
52.0 

55.0 
57.0 

58.0 
59.0 

20.5 

20.0 
20.2 

INftCI  +  1  dextrose  solution | 

13.3 
11.3 

11.5 

Eiperiment  I4.     Effect  of  i  NaCl  solution.     Temperalure  U.O  to  IS.ff'C. 
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Id  a  word,  an  osmotic  preaeure  lower  than  the  physiological  gradually 
decreases  the  propagation  velocity  of  excitation  indepeodent  of  the 
variation  of  the  threshold  strength  of  electrical  stimulua.  The  lower 
the  osmotic  pressure,  the  more  rapidly  the  velocity  decreases. 

To  sum  up  the  results  of  these  experiments  we  can  state  that  the 
propagation  velocity  of  excitation  throu^  the  nerve  is  at  a  maximum 
when  the  nerve  is  inunerscd  in  a  solution  of  physiological  osmotic 
pressure.  It  becomes  less  in  accordance  with  a  decreaae  or  increaae  of 
the  osmotic  pressure  below  or  above  that  of  the  physiological.  Since 
the  excitability  of  the  nerve  and  the  propagation  velocity  of  excita* 
lion  through  it  go  parallel,  the  physiological  osmotic  pressure  is  the 
optimum  presHure  for  the  excitability  of  the  nerve,  and  a  lower  or 
higher  osmotic  pressure  than  the  physiological  decreases  its  excita- 
bility in  accordance  with  the  amount  of  the  deviation  fnun  the  normaL 


Fir.  3.  Thp  plktf  ahowa  two  kindx  of  experimeDU  far  ■n«uuria|[  the  prap«fB- 
tion  vrlocity  of  FicilMion  by  mckCiB  of  recordioK  the  action  current:  cxperimenl 
9  ilFDOlm  the  «ffpct  of  •  bypprtonic  solution  (NkCl  +  1  X  dextroM  aolution), 
and  expcrinicnl  II  drnotea  the  effect  of  ■  hypotonic  solution  ()  Riniter'*  •oln- 
tion).  FijcurM  of  the  e  wriea  in  each  expermMot  abow  Mtion  eurrenta  when 
the  (timuli  are  applied  on  the  electrode  t  in  6|pire  2.  Fisuraa  of  the  p  teriea 
ahow  other  aetion  currents  when  the  stimuli  are  applied  on  tbe  electrode  p  in 
GRure  3.  The  two  white  vertical  lioea  on  each  GRure  are  artificially  drawn  to 
fsrilitate  diniinKuishinR  the  moment  of  stimulation  and  tbe  beRinning  of  tb* 
action  current.  The  diotaooe  between  these  two  lines  represents  tbe  lime  in 
which  the  action  current  travels  from  the  stimulalinR  electrode*  c  or  p  to  the 
leadinR-of[  elertrride,  B,  which  runs  to  the  italvanoroeter.  The  difference  be- 
tween theee  diaianrea  on  each  pair  of  fiffurea  of  the  same  number  repreaenia  tbe 
time  of  propaitaiinR  the  current  tbrouRh  the  nerve  from  the  electrode  p  to  tbe 
electrode  c.  The  real  distance  from  p  to  r  ia  42.5  mm.,  and  the  affected  part  of 
the  nerve  in  the  vrsaci  ia  33. S  mm.  Therefore  the  sum  of  the  lenftth  of  tbe  part 
of  the  nerve  which  lies  between  p  and  c  but  nutnide  the  vessel  is  10.0  nun.  It 
was  nnHumcd  that  the  pn>pa|[B<inn  velocity  thn>UKh  this  part  of  tbe  nerve  was 
unrhanRpil  Ihroujth  the  couri>e  of  the  experimenl.  and  then  the  propaialioa 
veliK-ity  IhrdiiRh  the  affceled  part  ot  the  nerve  was  calculated.  The  wave  line 
below  the  fiRure  ot  the  action  current  ia  the  figure  of  vibration  of  a  tuninR  fork, 
one  fieriiKl  of  which  ci>rre»|><mclii  to  ,li  scrnnd".  The  values  ot  the  velocity  thua 
calrulali'd  are  Riven  in  the  followinR  tables. 
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SDUHART 

1.  The  chuige  of  electrical  resistance  of  the  nerve  which  is  immersed 
in  a  hypotonic  or  hypertonic  solution  makes  it  impossible  to  estimate 
the  excitability  of  the  nerve  by  measuring  the  threshold  strength  of 
electrical  etimulus.  The  excitability  can  only  he  determined  by  the 
propagation  velocity  of  excitation  throi^h  the  affected  part  of  the 
nerve.  . 

2.  The  optimum  osmotic  pressure  for  the  propagation  velocity  of 
excitation,  and  accordingly  for  the  excitability  of  the  nerve  is  A  = 
—  0.4''C.,  which  is  the  osmotic  pressure  of  0.7  per  cent  NaCl  solution 
(about  5  atmospheres  of  pressiu-e  at  0°C.)-  This  might  well  be  called 
the  physiological  osmotic  pressure.  A  higher  or  lower  osmotic  pres- 
sure than  this  decreases  the  propagation  velocity  of  excitation,  and  in 
consequence  the  excitability  of  nerve. 

In  conclusion  the  writer  wishes  to  express  his  thanks  to  Prof.  H. 
Ishikawa  for  direction  and  help  during  the  course  of  this  research. 
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INTBODDCTION 

Wataaenia  scintillans  (Berry),  a  luminotu  cephalopod,  is  found 
along  the  northeastern  coast  of  Toyama-Bay  in  the  Japan  Sea.  It  ia 
commonly  called  "  Hotani-ika"  in  our  national  language  meaning 
literally  Grefly-equid. 

Up  to  the  present  time  what  is  called  Abraliopsis,  a  genus  of  lum- 
inous cepbalopods,  has  been  believed  to  be  very  nu«,  and  in  fact  only 
a  few  samples  have  been  collected.  The  studies  of  this  animal  were 
made  by  L.  Joubin  (1),  W.  Hoyle  (2)  and  C.  Chun  (3).  Several  yean 
ago  S.  Watase  (4)  reported  large  numbers  of  a  species  of  this  genua 
occurring  in  the  sea  mentioned  above,  and  named  it  Hotaru-tka.  Its 
morphology  has  since  been  studied  independently  by  S.  S.  Berry  (5), 
C.  iHhikawa  (6),  M.  Sasaki  (7)  and  S.  Matsuno  (8).  Berry  named  it 
Abraliopsis  scintillans,  but  Ishikawa  stated  a  few  years  later  that  it  did 
not  belong  to  this  genus,  and  named  it  Wataaenia  scintillans  (Berry) 
after  the  name  of  its  discoverer. 

Thin  animal  is  a  small  aquid  with  a  mantle-length  of  6  cro.  Ltka 
Ahraliopsis  it  has  three  kinds  of  luminous  organs  whjch  Watase  called 
the  luminous  organs  of  the  first,  second  and  third  cUases.  The  Itmi- 
inous  organ  of  the  first  clawi,  or  the  brachial  organ,  is  the  largest  of  all. 
It  is  at  the  end  of  each  fourth  arm  and  consists  of  throe  oval  globulea 
arranged  in  a  scripc.  The  limiinwMTence  of  this  organ  is  stronger  than 
the  other  two.  The  limiinous  organ  of  the  second  ctawt,  or  the  ocular 
organ.  conHiMts  of  five  small  organs  which  are  arranged  in  a  series  along 
the  vt-ntral  circumference  of  each  eyeltall.  The  luminous  organ  of 
the  third  clarw,  or  the  cutaneous  organ,  coimists  of  numerous  minute 
organs  dottetl  alM>ut  on  the  ventral  surface  of  the  whole  body.  The 
mirnwcopieal  stniclure  of  th<>M>  luminoux  organs  is  nearly  the  same  as 
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that  of  AbraliopsiB  morisii  V4rany,  which  was  described  by  Chun. 
Joubin  and  Chun  were  already  aware  of  the  light-producing  function 
of  the  ocular  and  cutaneous  organs,  though  they  had  not  examined 
the  living  animal.  The  function  of  the  brachial  organ  was  not  known 
until  Watase  observed  its  luminescence  in  the  living  animal. 

The  writer  of  this  paper  made  physiological  researches  upon  the 
luminescence  of  this  animal  in  May  and  June  of  1915  and  1916  at 
Uwozu,  a  town  situated  on  the  coast  of  Toyama-Bay. 

THE     EFFECT    OF    CONCENTRATION     OP    SEA    WATER    ON     THE    LIFE     OF 
WATASENIA    BCDtTlLLANS     (BBRRY) 

Fishermen  who  catch  this  squid  speak  of  it  as  being  so  delicate  an 
animal  that  it  lives  only  a  very  short  time  if  it  is  put  in  a  pail  contain- 
ing the  sea  water  of  the  uppermost  layer.  It  occurred  to  the  writer 
that  this  might  be  due  to  a  lower  saUnity  of  the  uppermost  layer  near 
the  coast  rather  than  that  of  deep  sea  water.  To  test  this  idea  the 
following  experiments  on  the  effects  of  concentration  of  the  sea  water 
on  the  life  of  this  animal  were  made. 

'  In  order  to  compare  the  effects  of  sea  water  from  various  levels  on 
the  life  of  the  animal,  one  squid  was  placed  in  2  liters  of  sea  water  and 
left  until  it  died.  A  record  of  the  average  time-obtained  in  several 
experiments  of  the  same  kind  was  taken.  Care  was  taken  not  to 
allow  the  ink  spouted  by  the  animal  to  become  mixed  with  the  sea 
water,  for  it  is  very  injurious  to  the  hfe  of  the  animal. 

The  relation  between  length  of  life  of  the  animal  and  the  concen- 
tration of  the  sea  water  at  various  depths  was  first  determined.  By 
measuring  the  value  of  the  osmotic  pressure  and  the  specific  gravity, 
it  was  found  that  sea  water  below  a  depth  of  five  meters  has  nearly 
the  same  concentration  and  has  no  injurious  effect  upon  the  life  of 
the  animal,  while  the  sea  water  of  the  uppermost  layer,  which  is  rela- 
tively more  dilute,  shortens  the  animal's  life.  An  example  of  experi- 
ments on  this  point  is  shown  in  table  1. 

Next,  the  effects  of  the  concentration  of  the  sea  water  upon  the  life 
of  the  squid  was  estimated,  using:  a,  deep  sea  water  of  10  to  20  m,, 
which  was  regarded  as  the  standard  solution;  6,  various  dilutions  of 
sea  water  made  by  adding  distilled  water;  and  c,  various  concentrations 
of  sea  water  prepared  by  dissolving  in  it  varying  amounts  of  salt 
obtained  from  the  deep  sea  water  by  evaporation.  It  was  found  that 
animals  lived  longest  in  the  normal  sea  water,  and  a  lesser  time  in 
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diluted  sea  water  in  proportion  to  the  def^ree  of  dilution,  especially  in 
sea  water  more  highly  diluted  than  A  >  -1.5''C.  The  same  result  as 
in  the  diluted  sea  water  was  obtained  in  a  concentrated  sea  water  but 
the  shortening  was  not  bo  marked.  These  experiments  were  repeated 
eight  times.    One  series  is  shown  in  table  2. 

Judging  from  the  results  shown  in  tables  1  and  2,  it  is  obvious  that 
the  injurious  action  of  the  surface  layer  of  sea  water  is  due  to  its  dilu- 
tion. But  this  is  not  the  only  factor,  for  life  should  be  lengthened  in  a 
solution  prepared  by  dissolving  the  salt  obtained  from  the  deep  sea 
water  in  either  fresh  water  or  sea  water  of  an  uppermost  layer  making 


1  Iht  depth  of  Iht  tea  water  and  the  Un^th  of  life  of  H'ala*rn>«. 
BiptrinurUal  Umprraturt  IS.l'  io  IS.S'C. 


'"'"'■^tm'*^ 
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"l^jSJci- 

MM,, 

imm.  C. 

rr  «•( 

tpprrmoMt  layer 

1  01 3S 

-0  S.10 

t  U 

A 

I  0-2M 

-1  sia 

3  16 

\i 

1  0-jeo 

-I  KTO 

3  K 

45 

I  02A1 

-1  SfiO 

3  24 

W 

I  ffJfiO 

-I  >m 

3  21 

!%■> 

1  0267 

-1.900 

3  31 

IW 

1.0368 

-I  tan 

3,28 

its  concentration  r<iual  to  that  of  deep  sea  water.  But  according  to 
the  writer's  experimontH  Ufe  ii*  remarkably  longer  in  the  latter  than  in 
the  fomier. 

Next  it  watt  attempted  to  estimate  the  offect  of  the  dilution  of  sea 
water  upon  the  osmotic  pressure  of  the  blood  of  Watasenia.  But  as 
thiH  M|uid  wan  too  small  to  get  a  sufficient  quantity  of  blood,  some 
()nunA8trephctt  were  uwhI  in  placo  of  Watasenia  in  the  following  experi- 
ment. Several  living  Omniantrephcs  were  placed  in  sea  water  of 
known  wmntic  prosnure.  Alter  the  death  of  the  animals  or  after  an 
hour  in  their  living  state,  the  blood  was  removoil  from  the  animal 
and  iti*  OHinotic  pretwum  wan  moiwurpd.  The  result  of  the  measure- 
niciit  i.t  as  fulluwtt. 
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FreezingpointdepreBsionof  the  sea  water  of  10m.  deeplayer. . .  — 1.780°C. 
Freezing  point  depression  of  the  blood  of  the  squids  which  are 

living  in  the  above-mentioned  deep  aea  water — 1.796°C. 

Freezing  point  depression  of  the  aea  water  of  the  uppermost 

layer -0.537°C. 

Freezing  point  depression  of  the  blood  of  the  squids  which 
died  in  the  same  sea  water  of  the  uppermost  layer —  1.671°C. 

TABLE  I 

Relalion  between  concentration  of  the  sea  tnaler  and  the  length  of  life  of  Wataaema. 
Specific  ffravily  of  10  m.  deep  sea  water,  t.OSSS  {at  IS°C.).  Experimental  temper- 
ature, I9.S'  iotl.O'C. 


■OLDTIOH 

POIMT 

COHCIHnUTtON 

iriAN  LiHina 

-0.918 
-l.Otl 
-l.IOO 
-1.185 
—  1,277 
-1,367 
-1,458 
-1.547 
-1.631 
-1.722 
-1.813 
-1,898 
-1,982 
-2,065 
-2.150 
-2.234 

1.58 
1.74 
1.90 
2.05 
2  21 
2.37 
2.53 
2-69 
2.84 
3,00 
3,16 
3.31 
3-46 
3-61 
3.76 
3-91 

tow.    minuu. 

1.3  1.  sea  water  +  0.7  1.  water 

14 
33 

35 

2.0  1.  sea  water  +    3  grams  salt 

2           24 

2.0  1.  sea  water  +    9  grams  salt 

1           33 
1             S 

As  is  well  known,  the  blood  of  a  living  squid  has  the  same  osmotic 
pressure  as  that  of  the  sea  water  in  which  it  lives.  But  this  experi- 
ment shows  that  the  osmotic  pressure  of  the  blood  does  not  decrease 
parallel  with  that  of  the  sea  water  when  the  latter  becomes  very  low, 
and  the  animal  dies  when  the  osmotic  pressure  of  the  blood  decreases 
to  a  certain  degree.  Lack  of  sufiicient  material  prevented  further  in- 
vestigation of  this  point. 

Oxj-gen  dissolved  in  the  sea  water  is  of  course  an  important  factor 
for  maintaining  the  life  of  Watasenia.  Three  squids  were  placed  in  a 
specially  equipped  barrel  containing  25  liters  of  deep  sea  water  through 
which  oxygen  gas  was  passed  against  an  inner  pressure  of  two  atmos- 
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pheres,  bo  that  the  solubility  of  oxygen  might  be  increased.  Under 
these  conditions  one  squid  lived  18  hours;  the  other  two  22  and  20 
hours  respectively.  A  control  experiment  was  made  under  the  tuune 
conditions  differing  only  in  keeping  the  inner  pressure  nonnal  and 
without  passing  oxygen  gas.  Id  this  case  all  three  squids  died  after  6 
hours.    Tlie  results  were  confirmed  by  two  other  experiments  of  the 


OBSERVATIONS  OF  THE  LUHINEBCENCE  OF  A  UVINO  WATABENIA 

1.  Observations  of  the  luminacence  of  the  luminona  orgatu  of  the  firtt 
doss:  Under  natural  conditions  of  living,  the  luminescence  of  the 
organs  of  this  class  is  rarely  seen.  But  as  a  consequence  either  of  a 
mechanical  or  of  any  other  stimulus,  or  when  the  sea  water  in  which 
the  animal  is  living  becomes  unsuitable  for  its  life,  the  organn  begin  to 
function.  The  emimion  of  light  is  perioilical  as  in  the  case  of  the  fire- 
fly; the  duration  time  of  one  emission  is  not  longer  than  30  seconds 
and  the  interval  varies  considerably  with  var>-ing  conditions.  Organs 
function  equally  well  by  day  or  by  nif^t.  The  light  is  bluish-white 
and  shows  a  continuous  spectrum,  the  extent  of  which  could  not  be 
inoaaurcd  because  of  the  type  of  spectroscope  then  available. 

Upon  the  ccfisation  of  rexpiration  or  when  the  fourth  arm  it*  romo\Td, 
this  luminescent  organ  can  no  longer  function.  The  following  fruit- 
Jew  exixrinients  were  made  to  test  this  particuUr  point:  First  the 
application  of  an  electrical  or  mechanical  stimulus  directly  upon  the 
orgiin,  indirectly  upon  the  cut  end  of  the  arm,  and  then  upon  the  pair 
of  ganglia  which  are  ttiluate<l  on  the  back  of  the  hcati  and  are  special 
to  WatH.'M.'nia.  (This  ganglion  was  detected  by  Prof,  (".  Ishikawa,  and 
the  writer  is  indchn^l  to  him  for  the  infomiation.)  Stimuli  applies)  to 
other  part«  of  the  Ijody  also  gave  negative  results. 

.\fter  the  death  of  the  animal  the  luminous  organ  is  coven-fl  with 
pigment  layers,  but  this  can  not  l>o  conHidored  ai>  the  reaHon  of  the 
nbm'nrt-  of  lumincsif'nM-  for  when  the  pigment  wHs  contract  so  an  to 
n-vi'iil  the  lumimniH  Hulwtaiice,  or  when  they  are  artificially  n>movisl. 
Imiiiin's<-ence  in  no  lonici'r  apparent. 

-'.  iih^in-olmnn  of  Ihe  liimiriiKCtirf  of  th,  tiiminoii:*  orijnnx  of  Ih,  «c- 
ixi'l  W.I.5.-  ( )livr\at  Ion  of  these  oruiins  which  im-  situatifl  on  the  ventral 
fide  of  the  eyelmll  is  w>iti<W'liat  difrieult  in  the  living  animal.  To 
i>I.M-rve  tlx-in  the  animal  niit!<t  tx-  tixol  on  jl"  don-al  side.  But  in  (his 
[Hi-iiioii  the  iiuiniid  ilies  in  a  fliort  time.     Mnrcovcr  it  i.»  not  eiuty  to 
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distii^^uiah  the  luminesceDce  of  the  organs  of  this  class  from  that  of 
the  organs  of  the  third  class,  which  are  scattered  about  in  the  skin 
over  the  eyeball.  According  to  the  writer's  observations  the  lumi- 
nescence of  the  organs  of  the  second  class  is  almost  the  same  as  that  of 
the  organs  of  the  third  class. 

S.  Observations  of  the  luminescence  of  the  luminous  organs  of  the  third 
doss:  Though  the  organs  of  this  class  are  very  numerous  (about  600 
on  the  mantle  only),  their  illumination  is  so  faint  as  to  be  just  visible 
at  a  distance  of  one  meter  in  a  darlt  room.  These  ventrally  located 
organs  may  be  studied  to  advantage-  and  with  little  disturbance  to 
the  animal  by  placing  it  over  a  mirror  in  a  dish  of  sea  water. 

The  intensity  of  the  light  varies  from  time  to  time  and  may  almost 
disappear.  Yet  the  luminescence  cannot  be  said  to  be  periodic  as  in 
the  ease  of  the  organs  of  the  first  class,  but  is  continuous.  For  in- 
stance, it  was  often  observed  that  a  single  organ  maintained  its  lumi- 
nescence for  more  than  20  minutes.  The  color  of  the  light  of  the 
organs  is  the  same  as  that  of  the  organs  of  the  first  class. 

•Within  a  short  time  after  the  death  of  the  animal,  the  organs  of  the 
third  class  glitter  with  a  blue  light  as  seen  by  daylight,  simulating  the 
real  luminescence.  This  condition  was  noticed  by  Joubin  in  the  skin 
organs  of  Histioteuthis  (9)  and  Abraliopsis.  However,  in  the  organs 
of  Watasenia,  many  instances  were  observed  in  which  the  organs  thus 
functioning  in  the  daylight  showed  no  limiinescence  when  observed  in 
a  dark  room.  Again  this  glitter  could  not  be  seen  from  an  oblique 
direction.  We  can  infer  from  this  phenomenon  that  it  is  not  the  real 
liuninescence  but  perhaps  only  a  reflection  of  the  daylight  from  the 
oi^ans,  just  as  in  the  case  of  a  cat's  eyes  which  reflect  in  a  dimly  lighted 
room.  This  glitter  of  the  ot^ans  disappears  after  a  certain  time  and 
only  numerous  gray  points  are  seen.  But  even  in  this  state  their 
luminescence  can  still  be  observed  by  application  of  a  stimulus  to  the 
organs. 

When  a  mechanical  or  electrical  stimulus  is  applied  to  a  living  animal 
or  to  a  dissected  mantle,  the  organs  of  the  third  class  illuminate  strongly. 

The  dissected  mantles  were  used  to  study  the  effects  of  various  con- 
ditions upon  the  luminescence  of  this  animal,  because  the  organs  of 
the  first  and  second  classes  can  not  conveniently  be  used  for  this 
purpose. 
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ON    THE    LClflNOUS   SL'BSTAXCES 


As  is  well  known,  the  biolumtnescence  is  due  to  the  oxidation  of  a 
certain  substance  produced  by  the  cells  of  the  luminous  organs  which 
are  differentiated  glands.  According  to  R.  Dubois  (10)  this  oxidation 
is  catalj-sed  by  a  special  oxidative  enz>'nie  produced  by  the  organism. 
Ho  extracted  a  luminous  substance  and  an  oxidative  ensyme  from  the 
secretion  of  Pholas  dactylus  and  named  them  luciferine  and  luciferase 
respectively.  Recently  E.  N.  Harvey  (11)  reported  that  the  lucif- 
erase  which  he  extracted  from  Cypridina  and  the  firefly  was  not  an 
eniyme,  but  the  source  of  the  liRht.  H  gave  the  names  of  photo 
genin  for  luciferaee  and  photophelein  for  lucifcrin. 

But  the  presence  of  such  luminous  Hubstancee  cannot  be  experi- 
mentally proved  in  all  kinds  of  luminous  organisms.  According  to 
PQtlcr  (12)  the  bioluminescence  is  of  two  kinds,  vi«.,  extracellular 
and  intracellular  luminescence.  In  the  animal  in  which  extracellular 
luminescence  takes  place,  the  luminous  organ  still  maintains  the  orig- 
inal  structure  of  a  gland,  having  both  alveoli  and  ducts.  The  secre- 
tion is  in  this  case  oxidizc<l  so  as  to  emit  light  soon  after  it  is  secreted 
in  the  cavity  of  the  alveoli  or  after  it  is  expelled  from  the  gland.  From 
a  luminous  organ  of  this  kind  the  luminous  substance  can  be  extracted. 
In  the  animal  in  which  intracellular  luminescence  takes  place,  the 
luminous  organ  is  highly  differentiated,  alevoli  and  ducta  being  reduced 
to  a  mass  of  cells.  The  luminous  substance  is  made  to  produce  light  in 
the  colls  as  soon  as  it  is  produced,  so  that  do  secretion  is  expelled  frim 
them.  As  ran  be  cafllly  seen  from  thia,  it  is  very  difficult,  if  not  imp«»- 
sible,  to  extract  the  luminous  substance  from  the  organ  of  this  clans. 

The  luminoxence  of  Watasenia  belongs  to  the  ly|>e  of  intracellular 
luminracence  Ixrause  the  hii<(ologica]  structure  of  (he  luminous  organs 
shows  n<>ithcr  alveoli  nor  ducts.  Therefore  the  extraction  of  the  lum- 
inous sulistance  from  this  animal  is  undoubtetlly  very  difficult.  In  fa«-t 
several  unHUcc4>sHful  attempts  were  made  to  extract  it  with  water  and 
several  organic  solvent*. 

SECKfwrrY    OF   OXYIIES    FOR    LfMINKsrENCE 

Since  hioluminoscenee  is  an  oxidative  process,  oxygen  is  alMilutely 
neces.'Mirj'.  The  luminescence  of  Watnwnla  may  l)e  taki'U  as  an  ex- 
ample. According  to  the  writer's  olwcrvations,  a  dis!«'cte<l  mantle 
emits  light  more  strongly  in  uir  than  in  the  sea  water  and  nuMt  strongly 
in  pure  iixygen.     It  wiis  ol»««r\-ed  tliat  when  a  uiantle  was  put  in  trvv 
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atmospheric  air,  its  light  disappeared  altogether  after  15  hours  when 
its  outer  surface  became  dry,  while  another  piece  which  was  put  in  a 
glass  vessel  in  order  to  prevent  its  quick  drying  (for  this  purpose  a 
Verworn's  gas  chamber  of  about  10  cc,  was  used),  kept  its  lumi- 
nescence for  more  than  25  hours  (at  room  temperature  of  20  to  23''C.). 

Again  putting  the  third  piece  in  a  gas  chamber  and  paaaii^  hydn^n 
or  carbon  dioxide  gas  through  it,  it  was  observed  that  the  luminescence 
disappeared  after  10  to  25  seconds.  When  these  gases  were  replaced 
by  air,  the  luminescence  reappeared  in  from  a  few  to  Bome  20  secoods. 
When  pure  oxygen  was  used  instead  of  air,  the  luminescence  became 
more  intense  than  in  air.  Such  an  experiment  could  be  repeated  with 
a  single  specimen  as  many  times  as  one  wished. 

Consequently  it  may  be  stated  that  oxygen  is  indispensable  for  the 
luminescence  of  Watasenia. 

■  THE   EFFECT  OF  NABCOTICS  ON    LUUINEBCENCE 

It  is  said  that  in  many  luminous  organisms  narcotics  first  stimulate, 
then  inhibit  the  bioluminescence.  The  effect  of  narcotics  on  Watasenia 
agrees  with  this  statement.  When  mantles  are  placed  in  a  Verwom's 
gaa  chamber  and  air  saturated  with  vapor  of  alcohol,  ether  or  chloro- 
form is  passed  through  it,  the  luminescence  becomes  more  intensive 
at  first,  then  gradually  diminishes  and  after  a  certain  time  disappears. 
But  if  the  narcotics  are  replaced  by  air,  the  luminescence  reappears  in  a 
few  seconds.  The  effect  of  ether  is  most  injurious,  chloroform  next 
and  alcohol  least.  But  these  differences  may  not  be  attributed  to  the 
nature  of  the  narcotics,  for  the  vapor  pressures  of  these  narcotics  (at 
room  temperature  of  20°C.,  at  which  the  experiments  were  made)  are 
different,  but  parallel  to  the  different  intensities  of  their  activity. 
The  results  of  the  experiments  are  shown  in  table  3. 


The  efecl  of  narcoliet  on  the  luminescence  of  Watasema.    EzpeTimental  temperature, 
to'C. 


TBI  HUUUAL 

DistrriiBANca 

BICOVHIT  or 

'^S']^™ 

Ether 

1 

1.5-  3 
5    -20 

2-3 
6-10 
60-90 

.     1-3 
1-3 
1-3 

mm.  Ht. 
442.4 
160.5 
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We  may  conclude,  therefore,  that  narotics  first  excite  then  inhibit 
luminescence  and  that  this  inhibition  is  reversible. 


THE  EFFECT  OF  TEHPEBATUaE  ON  LttlllNBSfENCB 

The  results  of  many  experiments  on  the  effect  of  temperature  upoo 
biolumineticence  are  in  complete  agret^mcnt  on  the  point  that  there  is  a 
limited  optimal  range  of  temperaturo  for  biolurotnescence  and  that  any 


The  effttl  of  ttmptralu 


TABLE  4 

t  on  tkt  lumiittiftttee  of  Wt 


ODIATIO 

>» 

uei>*raT  or  irwi»nw>  vnii 

TOP'-UTT.. 

MTr.X>D  TO  WC- 

*ttm,C. 

te.r* 

-12.0 

2 

RfcoTcr  After  10  iiunul«i> 

-  3.3 

4 

Recover  after    2  minute* 

10,0 

25 

Recover  after    3  minute* 

17.0(16.0-18  0) 

12 

aO.I  (18  8-21.4) 

13 

31.0(20.0-22  0) 

12 

24  0  (coDntuil) 

11 

25  0  (ooMtftntl 

12 

28  7  (29  3-28  0) 

13 

30  4  (31  8^29  0) 

10 

31.6  (32.^30,6) 

6 

32  0 (32  5~3I  5) 

3 

33  6(34  0-33  21 

1 

Recover  after  1  minute 

35  0 

30 

Recover  after  1  minute 

300 

1« 

Recover  after  1  minute 

30  0 

10 

Recover  after  1  minute 

408 

Recover  after  1  minute,  but  irrevemihle 
after  2or3Tepetitionii 

44  5 

Recover  after  3  roinutei,  but  irreversible 
after  2  repetitioDR 

48  8 

Irreveraihle,  mantle*  coaRUlsle 

»3.0 

Immrd 

Holy 

temperaturt>  oulmdo  this  rajiKc  acts  unfavnrsbly  upon  it.  This  optimal 
ranfce  of  tenipcraturr  is  variable  arcorditiK  to  the  materials  and  to  the 
nieth<Kl  which  is  employed. 

I-j(perini(>nta  upon  the  pff(>rtN  of  ttinporature  on  the  luminescence  of 
WatHM-nia  wore  mMlc.  the  n-wults  of  which  aw  shown  in  tabic  4.  The 
followinx  mctho<t  wiut  Ufi«'<].  I)iN*oct(<<l  mantlm  were  put  in  a  u-st 
tul»e  which  wiw  a^.iin  put  in  a  Dewar's  fliiHk  (a  thermos  bottle)  «>n- 
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taioing  water  at  a. constant  temperature.  The  flask  was  closed  with  a 
cork  through  which  a  thermometer  was  inserted.  The  inner  tempera- 
ture varied  somewhat  as  the  time  passed  on.  The  initial  and  the  final 
temperature  are  given  parenthetically  in  the  table. 

From  these  results  it  may  be  concluded  that  the  optimal  range  of 
temperature  for  the  luminescence  of  Watasenia  is  from  IB^C.  to  Sl^C. 
Within  this  range  luminescence  persists  through  about  the  same  time 
interval  but  the  uitensity  of  the  hght  is  stronger  at  the  lower  tempera- 
ture (16  to  20°C.)  than  at  the  higher.  The  inhibition  of  luminescence 
at  a  lower  temperature  than  lO'C.  (down  to  —  12°C.)  is  perfectly 
reversible.  The  inhibition  at  36  to  45,°C.  is  also  reversible  but  after 
repeated  experiments  or  when  heat  is  applied  for  a  long  time  the  lu- 
minous organ  loses  its  reversibility.  A  higher  temperature  than  49°C. 
entirely  destroys  the  illuminating  power  of  the  oi^an  due  to  the  heat 
coagulation  of  its  cells. 

THE   BPPBCT  OP   SUNLtOHT   ON    LtlMINESCENCE 

Almost  all  work  hitherto  published  refers  to  the  fact  that  the  in- 
tensity of  bioluminescencc  is  diminished  after  the  exposure  of  the  ani- 
mal or  the  luminous  organ  to  sunlight  or  to  strong  artificial  hght.  But 
the  results  obtained  by  the  writer  differ  from  this. 

Many  dissected  mantles  of  Watasenia  were  exposed  to  the  sunlight 
for  from  20  minutes  to  2  hours,  taking  precautions  to  prevent  desic- 
cation, but  no  difference  in  luminescence  was  observed  between  the 
materials  which  were  brought  into  a  dark  room  after  exposing  to  the 
direct  sunhght  for  even  2  hours  and  the  materials  which  were  kept  in 
the  dark  room  from  the  beginning. 

THE  EFFECT  OP  OSMOTIC  PRESSURE  ON  LUMINESCENCE 

It  is  well  known  that,  when  the  luminous  organ  of  an  animal  is 
dried  or  immersed  in  glycerol  to  withdraw  its  water„it  loses  completely 
the  illuminating  power.  But  with  regard  to  the  effect  of  immersing 
the  organ  in  water,  various  results  are  reported  by  various  workers. 
There  is  no  information  on  the  eflfect  of  osmotic  pressure  upon  the 
bioluminescence,  except  the  work  of  Kolliker  and  of  Mangold.  Kol- 
Uker  (13)  observed  that  the  12  to  20  per  cent  NaCl  solution  intensified 
the  luminescence  of  Lampyris  at  first,  and  then  after  a  short  time 
paralyzed  it.  Mangold  (14)  observed  that  a  concentrated  NaCl 
solution  intensified  the  luminescence  of  Ophiopsila  but  not  that  of 
Maurolicus. 
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Wataaeois  is  favor&bte  for  testing  the  effect  of  osmotic  pressure 
upon  biolumineBcence,  for  it  lives  in  the  sea.  Some  disnected  mantles 
were  put  in  the  sea  water  of  various  concentrations  and  the  effects  of 
these  solutions  on  luminescence  were  examined.    The  solutions  were 

TABLE  1 
Th*  efftrC  of  otmolic  prtirurt  on  lumi 

to  ti.i'C 


Biperimental  lemptralMre  18.1' 


ouonc  riMcu  or  .oimoi. 

•OCCTIOH 

•■t  <T«T»  ■nHO  TIKH    U  1) 

IIUITIUUTT  tOT««  min-u*) 

proM 

kmn 

3,7 

11.14 

3  2 

9  74 

2.3 

6.96 

2.0 

6.06 

<6  --3.MS) 

1.9 

6,78 

18 

54a 

1.7 

6.15 

l.S 

4.85 

15 

4,fi5 

\.A 

4  24 

1.3 

3.94 

1.2 

3.64 

10 

1.1 

3.33 

10 

10 

3.03 

10 

0  9 

2.73 

10 

Oft 

2.42 

10 

07 

2.12 

10 

0  e 

1-82 

10 

0  s 

1.51 

10 

0  4 

1.21 

03 

0.91 

0  3 

0.61 

0  1 

0  30 

0     (watpri 

0 

H-s  watpr 

3  24 

10 

(A--1  hrtlt 

preparwl  a«  foUowi*:  Salts  oblainwl  from  evnjKiratpd  wa  water  were 
ro(ii(w<»lvp<l  in  wa  water  and  tin-  rcmccntralnd  sea  walpr  thus  obtainMl 
was  filtt-m).  Varic)iu>  dilutimiN  w<t<>  obtiiinod  by  adding  distilled 
water  to  the  concpntnili-d  wn  water.  I'tiiiKxIifiod  nca  water  was 
always"  uwvl  an  a  control. 
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The  dissected  mantles  were  immersed  in  sea  water  of  different  con- 
centration and  maintained  their  luminescence  for  approximately  half 
an  hour.  Luminescence  persisted  longer  in  dilute  than  in  concen- 
trated sea  water.  But  in  all  cases  luminescence  ceased  entirely  after 
about  an  hour.  When  a  mechanical  stimulus  (a  slight  rubbing)  was 
applied  to  a  mantle  that  had  already  lost  its  luminescence  in  the  sea 
water,  the  luminous  organ  again  illuminated  as  a  response  to  the 
stimulus.  This  irritability  was  maintained  for  the  longest  time  in  the 
sea  water  which  was  isotonic  to  0.6  to  4  per  cent  NaCl  solution.  A 
higher  or  lower  osmotic  pressure  than  this  range  shortens  the  time  that 
this  irritability  will  persist. 

The  results  of  experiments  with  NaCl  solutions  of  different  concen- 
tration were  the  same,  though  the  absolute  value  of  the  persistence  of 
irritability  was  shorter  than  in  the  case  of  the  sea  water. 

Tqble  5  is  an  example  out  of  six  series  of  experiments. 

THE    ACTION    OF   IONS    ON    LUHINESCENCE 

It  is  foimd  by  many  workers  that  strong  acids,  alkalis  or  salts  of 
heavy  metals  destroy  the  luminous  power  of  many  luminous  organ- 
isms. With  regard  to  the  action  of  neutral  alkali-metal  salts,  some 
stated  their  exciting  action  while  others  found  them  to  be  without 
effect  upon  bioluminescence.  It  must  be  remembered  that  these 
experiments  were  made  mostly  with  luminous  insects  and  bacteria. 

Watasenia  furnishes  good  material  for  studying  the  action  of  ions 
upon  bioluminescence.  The  writer  made  several  series  of  experiments 
on  this  point,  which  are  described  in  the  following  three  parts. 

a.  The  actum  of  hydrogen  and  hydroxyl  tons.  In  order  to  examine 
the  action  of  H,  or  OH  ions,  materials  were  immersed  in  the  sea  water 
containing  HCl  or  NaOH  of  a  concentration  of  1/6400  N  to  1/50  N. 
The  reason  why  HCl  and  NaOH  were  chosen  for  this  purpose  was  that 
CI  and  Na  ions  are  present  in  large  amount  in  sea  water.  It  was  found 
that  H  and  OH  ions  first  excited  luminescence  in  the  squid  in  propor- 
tion to  their  concentration,  and  afterwards  inhibited  the  luminescence. 
H  ions  destroyed  the  luminous  power,  i.e.,  the  irritability  to  a  stimulus, 
while  OH  ions  had  no  injurious  action  upon  it,  when  its  concentration 
was  less  than  1/50  N. 

b.  The  action  of  ions  of  a  single  compound.  In  order  to  study  the 
action  of  cations  and  anions  separately,  chlorides  of  various  metals 
and  Na-salts  of  various  acids  were  used.    Isotonic  solution  of  these 
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salts  were  prepared  whose  osmotic  pressure  were  equal  to,  or  oue-half  or 
one-third  of  that  of  the  aea  water  (A»  —  LSdO'C).  IscnnolecuUr 
solutions  were  not  used  because  of  a  targe  difference  of  osmotic  pressurv 
between  the  solutions  of  univalent  and  bivalent  salts.  The  conceo- 
tratioD  of  salts  in  the  isotonic  solutions  was  calculated  from  the  fonnula 
molecular  weight 

^, — ; — 7—  -. .-;-; : —    X   freciing    pomt    dcprpssKHi   of 

molecular  frcczmg  pomt  depression  °    '^  '^ 

solution. 


Thtrffrctof  hydTOQtnandhyiitoxT/lio 


Biptrimrntal  lemperalia 


tS.O°  10  I8.6'<: 

roHrtfrrKiinoii  o»  *oii  oi  iLStii  ronitSKD  !■  ma 

""cr«~r 

.™^,v'r^ 

1   M     S  HCl      ,                   

1  100  N  nci 

I  -JHO  X  HCl 

I/«0  X  HCl 

ISOO  XHH 

riaoox  HH 

5 
i 

ao 

30 
40 
40 
40 
40 
40 
40 
40 
40 
40 
20 
5 

5 
5 

ao 

A 

& 

A 

1  KOO    X  X«OH 

I  «0    X  X»OH 

1  300    X  X»OH 

1  100  X  Xaim 

1  .-lO     N  N«OH 

5 
S 
5 

A 

The  molecular  fnx>EinK  (Ktint  depro»ion  of  various  »alts  at  a  fixed 
onnotio  pntsHure  was  calrulatnl  from  the  data  given  in  Landolt's 
"  Phyj'iro-chpini.'irhc  TalHIen."  .\h  for  the  sultRtiinccs  Nal,  NaH("(.)|, 
NhM:IH>4.  NaN<>t.  and  Na-tarlrato,  no  data  lieing  available,  thp 
writer  meitMuml  their  moln-ular  frociinK  point  deprewion  by  the  unual 
methyl. 

MateriulK  were  inuiH-rra-d  in  thc-s4-  Holutioim  and  their  lumin<>i«ret>r« 
wiM  ohwTVnl,     TablcH  7  and  K  an-  fcivcn  as  cxiuiipleH. 

The  n-vuIlM  wilh  nfidic  and  biwlc  wilto.  wich  lut  NH.CI.  NallCO^ 
XaH,!*!),  and  XiiSCN,  NuCH/'O,.  Nii»S()„  Nn,HlH),.  Na-tartrata 
are  not  to  l>e  taki-n  intrt  acrounl  boriiuw*  the  solulions  of  such  salts 
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contain  H  or  OH  ions,  which  act  as  such  upon  the  materials,  though 
these  aalta  are  commonly  dealt  with  by  many  investigators  in  a  lyo- 
tropic  series  for  various  physical  and  physico-chemical  properties. 

The  order  of  a  lyotropic  series  of  ions  for  physical  and  chemical 
proper^es  in  acidic  solutions  is  in  many  cases  the  reciprocal  of  that  in 
alkaline  solutions.  So,  in  this  experiment,  the  actions  of  ions  in  acidic 
and  alkaline  solutions  were  tested,  adding  1/600  N  HCl  and  1/600  N 

TABLET 

The  action  of  eatiom  on  luminescence.    EzperimtJtlal  tempertdure  16.4"  to  I8.8''C. 


..„ 

(a-™«'c. 

°»*«ob" 

■j:§s."«on 

■HCl  OP  T«« 

LiCI+2H,0 

2.02 
1.46 
1.62 
2.07 
3.42 
4.81 
3.58 
2.05 
5.00 
4.78 
3.62 
3-47 
2.40 
idil. 

+ 

+ 
+  + 

+  + 
+  + 

+ 

+ 

+ 
+  + 
+  + 
+  + 

+ 

hmn    minute! 
40 
0 

20 
20 

0 

2 

1             20 

20 

20 

2 
20 
20 

5 
20 

KCl 

CsCI 

CHCl,(Bicc  ) 

BaCl,-|-2H,0 

ZnCI, 

Intensity  of  the  luminesceDce  is  denoted  as  followe: 
— denotca  that  the  iltumiaation  immediately  disappears. 
+ denotes  illumination. 

-|-+denotesao intensive  illumination  which  is  seen  from  a  distance  of  80  cm 

NaOH  respectively  to  them.  But  it  was  found  that  the  results  in 
both  cases  were  the  same  and  not  contradictory  to  each  other. 

From  the  results  of  experiments  it  may  be  concluded  as  follows. 
The  action  of  alkali-  and  earth  alkali-metal  ions  on  the  luminescence  is 
in  the  following  order: 

1.  The  exciting  action  in  the  initial  stadium 

Cations Mg  >  K.  C^  >  Na,  Li.  Ca,  Sr,  Ba  >  Rb 

Anions I,  NO.  >  SO,  >  Br,  CI,  S,0,  >  NO, 
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2.  Tho  action  cooceraed  in  the  pereistfince  of  the  apontaneous  illum- 
ination 

Cationa Mg,  Li  >  N«,  K,  C«,  Sr  >  Ca,  Ba.  Bb 

Anions SO..  Srf).  >  I.  Br,  O,  SO,  >  SO, 

3.  The  action  concerned  in  the  persistence  of  the  luminous  power, 
i.e.,  irritability  against  a  mechanical  stimulus 

CatioM Mg,  Li  >  Sa,  K,  Ca,  Sr  >  Cs  >  Ba,  Rb 

Anioni 80.  >  Srf),,  I.  Br,  CI,  SO.  >  SO, 

Thus  the  Mg  ion  is  the  most  active. 

TABLE  I 

Th4  action  of  anion*  on   lumintirenee,     BzperimtnUd   UmpeTolurt  H.8°  to 

tS.S'C. 


NaO 

NaBr 

NaI+2II/) 

SaSCS 

SaSO, 

SallCXlt 

SaCH,C0,+3H,0, 

SaNO, 

Sb..'*O,  +  10H,O  ,,, 
Ni,S,0,+3H/)-  ,. 
Sa,SO*(Mcc.)  .  . 
Sa,HPO.+12H.O. 
Sail,PO,+H,0... 

Sa-tartraW     

M|[.'40,+7H,0 


2,29 

2.^1 

260 

3,31 

1  M 

7-TO 

6,10 

3  30 

R3S 

A  M> 

369 

11.4 

td>l 

3D      I 


Ferroufl,  manffaneee  and  smc  ionx,  the  bivalent  beav>-  metal  ions 
u«hI,  dwtroy  the  luminous  power  with  some  initial  excitation. 

c.  The  co-action  of  iona  of  compoundu  on  iuminfucf  net.  The  co-action 
of  ionR  contained  in  the  sea  water  was  studietl.  First  of  all  it  was 
nccftwiry  to  learn  the  ionic  oompoxition  of  the  «oa  water.  So.  before 
the  experiments,  the  sea  water  taken  from  the  envinmrnent  of  Watasenia 
was  analyuHl.     The  result  is  as  follows:   . 
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Date  of  collection  of  the  sea  water:  June  30,  1915.    Fair  weather. 
Specific  gravity  of  the  sea  water:  1.0255  at  IS^C. 
cWotic  pressure  of  the  sea  water:  A=  —  1.867''C. 
Salts  in  100  cc: 

Ni.a 2.5105 

KCI 0.2805 

CaSO, 0. 1487 

MgSO, 0.2033 

MgCa, 0.2788 

Then  the  following  experiments  were  made  in  the  next  year. 

For  the  sake  of  convenience,  the  following  composition  was  assumed 
BB  that  of  the  sea  water. 

Naa ."^Tl 

KCI 0.28 

CftCI, 0. 12 

MgCl, 0.28 

MgSO. 0.20 

NaBr 0.05 

Taking  2.51  per  cent  NaCl  solution  as  the  base,  the  other  com- 
ponents were  added  in  all  combinations  and  the  action  of  these  solu- 
tions was  examined. 

The  results  of  these  experiments  are  shown  in  table  9.  From  this 
table  it  will  be  seen  that  Mg,  K  and  Br  ions  act  favorably,  but  Ca  ion 
unfavorably  upon  the  luminescence  of  the  animal,  when  their  concen- 
trations were  equal  to  those  of  the  sea  water. 

Next,  the  effect  of  varying  the  ratio  of  some  of  the  more  important 
combinations  of  salts  was  studied. 

1.  Action  of  the  Na  +  K  system.  After  examining  various  ratios  of 
NaCI  and  KCI  concentrations,  it  was  found  that  the  most  favorable 
one  was  7  mol  NaCI:  1  mol  KCI  in  a  rough  estimation.  This  ratio  is 
nearly  the  same  as  that  of  these  two  substances  in  the  sea  water  (about 
9  mol  NaCI  :  1  mol  KCI).    Table  10  serves  as  an  example. 

i.  Action  of  Ike  Na  +  Mg  aystem.  Various  ratios  of  NaCI  and  MgClj 
concentrations  were -examined  and  it  was  found  that  the  higher  the 
concentration  of  M gCli,  the  more  favorable  was  the  action  of  the  solu- 
tion.   Table  11  will  serve  as  an  example. 

S.  Action  oftkeNa  +  K  +  Mg  ayalem.  When  different  amounts  of 
MgClj  were  added  to  i  mol  NaCI  +  A  mol  KCI  solution,  it  was  found 
that  the  favorable  action  of  Mg  ion  increased  in  proportion  to  its 
amount.     Table  12  will  serve  as  an  example. 
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n  of  Iht  romponenti  of  tht  uta  vattr  on  lumi 
Irmiitraturf  IS.i°  to  K.O'C. 


ntiftnee.    Etperimtntal 


TIHSor 

iu.r«-*no. 

''ro-;;* 

Inm          ■•■il.^o 

U.r. 

NftCI 

» 

1 

N.n+('BCi, 

10 

0,5 

N.CH-M|t('l,     

10 

2 

N.CI+MbSO, 

10 

2 

N»a+NaBr 

10 

2 

NsCI+KCI+C.CI, 

s 

0  5 

\BCI+CaCI,+M|[<l, 

10 

0  J 

NaC!+C"8CU+X»Br     

10 

0  S 

X»(-|  +  MK<1,-t-M(ES(». 

10 

2 

Xal-|+.MK<'I,+X«l(r 

10 

3 

ShCH-KCI+<'«CI,+MkC!,  

10 

12 

NHCI  +  KCI  +  CaCl.  +  MitSO.  , 

10 

10 

NnCI  +  KCI  +  CaCI.  +  SaBr 

r> 

5 

N«CI  +  KCI  +  MkCI,  +  M([SO. 

2 

14 

Na(l+KCI  +  M((Cn,  +  NaHr                                         .    .,    . 

2 

12 

Nn*'H-K(l  +  MKS<).  +  SaHr                                      ,.,      , 

2 

12 

Xi.<'U^<-nn,-|-MKCI,  +  MKS(),   .                    ,    . 

10 

7 

X«Cl4-<'i>rl,-(-MKCi,  +  NaBr                   

10 

4 

Nn<-U(R(l,  +  M|tS<>,  +  NaBr      ,               

10 

4 

NB<lfMK<-l,  +  XfBS().+X«Br               

10 

R 

Ni.<-H-K(1+Cn(l,  +  M([Cl.  +  M(tSl), 

10 

1» 

X«<l  +  K(l-K-a(l,  +  MK(l,  +  NaBr                             . 

10 

10 

XuCI*KCl+-Cn(l,-t-MgS<».  f  Nnltr 

10 

10 

XaCl^KCl  -  Mprfl,  ^MBSn,4-N„Br 

h 

14 

Xn('l*-Cn<n,  +  MK<"1,  *M|tS(>.-t-XriBr 

.■> 

H 

Ni.C--^KCI-.-Can,-M|dl,4-MKS(),  +  XaBr 

20 

10 

{.  Artiiin  of  th  \ii  +  Ca  I'lft'-m.  Variotw  riitio  of  NuCl  und  CaCli 
r(iii(-<-nlrHti(>tis  wi-rt'  cxHiniiii-i),  hik)  it  wils  roiinit  tliiit  the  itolution 
which  r(>ntairi<-il  XiiCI  !iii<l  CiiCli  in  ratio  of  3  :  1  -.'H  :  I  in  iiiol  coiu-cn- 
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tratioD  was  mora  favorable  than  pure  NaCI  or  CaCIi  solution.    Table 
13  will  serve  as  an  example. 


Action  of  the  Na+K  tyilem  <m  lumintaeenee.    Experimental  temperature  17.6'  to 

ao.o'C. 

10 
10 
30 
60 
60 
30 
30 
30 

10 

kmr. 

$0 

1    +   i 

\   +   \ 

TABLE  II 

Action  of  the  Na+Mg  tyatem.    Bxperimenlal  tempeToture  ti' 


COHCINTUTIOH  or  NaCl  +  MiOi  ih  hoi.. 

PIIBUTIHCB  or 

5 
5 
5 
1             0 
1             0 
1           30 
1           30 
I             0 

20 

Aouri       minute! 

Sea  water 

5.  Action  of  the  K  +  Ca  system.  Various  ratio  of  KCl  and  CaCIj 
concentrations  were  tested  and  it  was  found  that  the  more  K  ion  and 
the  less  Ca  ion,  the  more  favorably  the  solution  acted.  Table  14  will 
serve  as  an  example. 
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6.  Action  of  the  Mg  +  Ca  syttem.  It  was  found  that  the  more  the 
concentration  of  Ca  ion,  the  more  unfavorably  the  solution  acted. 
Table  15  will  serve  as  an  example. 


TABLE  11 
Arlion  of  the  Xb4-K  +  Mk  »y»l«m.     EzptrimetUal  Umprroturt 

H°  to  iHT. 

iLLnnititlow 

mi  or 

;i  +  A  +  t> 

1* 

1 

tM. 

'»  +  rt  +  A 
N.CH-KCI+MgCI,  ^»  +  A+A  

!i  +  i^  +A  

'i  +  ^  +  1 

3 

Seawftter 

3 

Arlion  o/lhr  N»+('« 


TABLE  II 
Bxptrinttntat  ttmprratvrt  II.S°  In  H.i°( 


7.  Action  of  the  Sn  +  A'  +  Va  tynlem.  To  toat  the  action  of  thin 
BVHU'm,  various  amounts  of  ("aClj  were  added  to  lh«  solution  of  \  mtil 
NaCl  +  i'*  mol  KCl,  and  the  effoots  of  those  solutions  were  exaniinnl. 
The  n-sull  wiut  that  an  ai)<lition  of  Cat 'If  even  in  small  amounts. 
ma«l('   the   Holulion    uiiriivoniMf   for   luiiiint-M-encc.     It    is,   thereforr, 
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possible  to  assume  that  the  Ca  ion  content  of  the  sea  water  (about 
rtv  mol.  CaClg)  is  unfavorable  to  the  luminescence  of  Watasenia. 
Table  16  will  serve  as  an  example. 


,  0/  the  K+Ca  eygtem.     Experimental  temperature  IS.t"  to  19.6''C. 


co.™^™.™ 

Ka  +  CaCbtKHOu 

iu.otDKt.naH 

UmiiaODB  POWBR 

i    +0 

ft  +A 

5 
5 
5 
S 

<5 
<5 
<5 

5 

ninulu 
30 

10 

ft  +  ft 

0    +i 

TABLE  It 

Action  oS  the  Mg+Ca  tystem.    Experimental  temper(tiure  IS.t' 


nuMcr 
pnammca  or 

TOIlOf 

10 
.      20 
20 
20 
20 
10 
5 
5 
5 

5 

40 

30 

MgCi,+Caa, 

20 

20 

5.  Action  of  the  Na  +  Mg  +  Ca  sj/slem.  It  was  found  that  an  addi- 
tion of  CaCli  to  the  solution  of  J  mo!  NaCI  +  Vi  niol  MgClt  also  made 
the  solution  unfavorable  for  luminescence.  Table  17  will  serve  as  an 
example.  The  absolute  value  of  the  tune  in  this  table  ie  shortened 
due  to  a  high  experimental  temperature. 
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9.  Actumofihe  .Va  +  K  +  Mg+  CasysUm.  Lastly  it  was  found  that 
an  addition  of  CaCli  to  the  solution  of  ^  mol  XaCI  +  t\  tnol  KCI  + 
1^  mol  MgCI)  also  made  the  solution  unfavorable  for  the  luminctHrence 
of  Wataaenia.     Table  18  will  serve  as  an  example. 


TABLE  W 
^cltiMi  of  Iht  Na  +  K+C«  tytem.     Siptrimrnlal  Irmpr 

alurt  n.G"  to  IIVC 

'.■iiii: 

xcto* 

l«r. 

m 

w. 

N»a  +  KCI+C.Cl,     1  +  J   1  i' 

*  +  A  +  A  

*  +  A  +  A 

Sea  water 

4 

oftht  N«+Mr+Cs 


TABLE  IT 
yatrm.     Eiprritnenlal  Umyti 


coNciirruTioH  or  NaO  +  McCb  +  CtCb  ih 


S.CH-M|[C'l,  +  CaCI 


U  +  A  +  " 
.»  +.A  +.1. 

*  +  A  +t(. 
;  i  +  A  +  A 

*  +  A  +  A 
^  *  +  A  +  ,>. 

*  +  A  +  A 
i  +  A  +  1 


The  ni4ultt(  mGnlioncNl  al>»vr  may  lie  suimn<-4l  up  an  follows:  When 
all  wiline  coniimncntA  of  the  M>a  water  (Na('l,  KCI,  CaCli.  Mk('Ii. 
MkSO,  and  NaBr)  are  rontainiMl  in  a  solution  in  the  Haiue  conrentra- 
tiun  as  in  the  itea  water,  the  favomhle  ionH  for  tlip  pnxlurtion  of  li)^t 
are  in  the  ortler  of  Mf(,  K  and  Br,  whil<>  the  most  unravorable  one  is 
Ca. 
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The  most  favorable  ratio  of  concentration  of  NaCl  and  KCI  agrees 
with  the  ratio  in  which  these  two  substances  are  found  in  sea  water. 

The  favorable  action  of  Mg  ion  on  luminescence  increases  in  pro- 
portion to  its  concentration,  quite  independently  of  the  other  co-exist- 
ing ions. 

Ca  ion  diminishes  the  favorable  action  of  K  or  Mg  ion  on  lumi- 


TABLE  18 

COKMNTKiTlOH  OF  NbO  +  KO  +  M.C1.  +  CbCU  IM  MM.. 

nm  OF 
pwimxca  or 

TIMI  OF 

NaQ +KC1 + MgCI,+CaCl, 
Sea  water : 

1  -1- AH- A  -t-   0 
i  -1-  A  +  A  -)-  .ii 
i  +  A  -1-  A  -h  Til 
1  + A  +  A  +  A 
!  + A  + A+  A 
i  -1-  A  -1-  A  -1-  A 
i  +  A  +  A  -1-  A 
i  +  A-t-A-l-   i 

40 
5 
5 
5 
5 
5 
6 
5 

S 

60 

40 
40 
40 
40 
20 
20 
20 

>60 

1.  Hypotonic  sea  water  lower  than  i=  — 1.8''C.  (the  osmotic  pres- 
sure of  normal  sea  water)  is  unfavorable  for  the  maintenance  of  life 
of  Watasenia.  An  osmotic  pressure  lower  than  A=  — LS^C.  shortens 
the  length  of  its  life  remarkably.  This  is  the  main  reason  why  this 
animal  cannot  live  in  the  upper  layer  of  the  sea  water,  which  has  a 
very  low  osmotic  pressure. 

2.  The  descriptions  of  luminescence  of  the  living  Watasenia  are  to 
be  found  in  the  text. 

3.  The  phenomenon  of  luminescence  in  this  animal  is  of  the  intra- 
cellular type.  The  limiinous  organ  of  this  animal,  therefore,  is  not 
suitable  for  extraction  of  the  luminous  substances. 

4.  The  phenomenon  of  luminescence  of  this  animal  is  evidently  due 
to  an  oxidation.  The  disappearance  of  illumination  is  observed  in 
the  case  of  absence  of  oxygen  and  its  reappearance  on  admission  of 
oxygen. 
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5.  Alcohol,  ether  and  chloroform  inhibit  this  phenomenon  in  •  few 
minutes,  though  in  the  first  stage  of  the  procMa  they  eicite  the  ilro- 
duction  of  light  to  a  certain  degree.  The  power  of  illumioation  ia 
quickly  recovered  on  the  removal  of  the  narcotics. 

6.  The  moot  favorable  temperature  for  the  production  of  li^t 
extends  from  16°  to  31''C.  A  lower  or  higher  temperature  than  the 
above  gradually  diminishes  the  illiunination  and  ultimately  puts  an 
end  to  it.  This  action  is  reversible.  A  higher  temperature  than  49^. 
destroys  the  luminous  power  owing  to  beat  coagulation. 

7.  Direct  sunli^t  has  no  influence  upon  the  luminescence  of 
Watasenia. 

8.  The  most  favorable  osmotic  pressure  for  the  production  of  light  a 
from  0.2  times  to  1.5  times  of  that  of  the  sea  water  (A  -  — 1.8°C.). 
Hypotonic  or  hypertonic  pressures  lower  or  higher  than  these  values 
inhibit  the  production  of  light.  Initial  excitation  ia,  however,  seen  in 
the  former  case  but  not  in  the  latter. 

9.  Both  hydrogen  and  hydroxyl  ions  first  excite  the  production  of 
light,  and  then  inhibit  it  after  a  certain  time.  Hydrogen  ions  destroy 
the  luminous  power  while  hydroxyl  ions  have  no  injurious  action  upon 
it,  when  they  are  in  leas  concentration  than  V>  normal. 

10.  The  action  of  alkali  and  earth  alkali  metal  ions  on  the  lumi- 
nescence of  the  animal  ia  in  the  following  order: 

The  exciting  action  in  the  initial  stadium: 

C&Uotu Mg  >  K,  Ci  >  Nk,  U,  Ca.  Sr,  Ba  >  Rb 

Aniotu 1.  NO,  >  S<>.  >  Br,  C\.  8/),  >  NO, 

The  action  concerned  in  the  persistence  of  the  spontaneous  illum- 
ination : 

CalioDi Mi.  U  >  Nb,  K.  Ca,  Sr  >  Ca.  Ba,  Rb 

Aniou SO,.  «/).  >  I,  Br.  tl,  NO.  >  NO, 

The  action  concerned  in  the  persistence  of  the  luminous  power: 

Caliona                                        Mr,  Li  >  Na,  K,  Cm.  Sr  >  (-i<  >  Ba.  Rb 
AnioM 80,  >  (*/),.  I.  Br,  O.  NO,  >  SO, 

Among  them  the  Mg  ion  is  the  moMl  favorable. 

Ferrous,  numganme  and  xinc  ion,  the  bivalent  heavy  metal  ion* 
tested,  dfwtroy  the  luminous  power  with  some  initial  excitation. 

11.  ^^*h«n  all  saline  c<Mnponcnts  of  the  sea  water,  i.e.,  NaCI,  KOI, 
CsCtt,  MgC'lt,  MgSOt  and  NaBr  are  contained  in  a  solution  in  tba 
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same  concentration  as  in  the  sea  water,  the  favorable  ions  for  the 
production  of  light  are  in  the  order  of  Mg,  K  and  Br,  while  the  most 
unfavorable  one  is  Ca. 

The  most  favorable  ratio  of  concentration  of  NaCI  and  KCI  agrees 
with  the  ratio  in  which  these  two  substances  are  found  in  sea  water. 

The  favorable  action  of  the  Mg  ion  on  luminescence  increases  in 
proportion  to  its  concentration,  quite  independently  of  the  other 
co-existing  ions. 

The  Ca  ion  diminishes  the  favorable  action  of  the  K  or  Mg  ion  on 
the  luminescence  of  the  animal. 

In  conclusion  the  writer  wishes  to  express  his  thanks  to  Prof.  H. 
Ishikawa  for  his  kind  direction  and  also  to  Prof.  C.  Ishikawa  for  his 
information  about  the  morphology  of  Watasenia. 
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INTRODUCTION 

ProfCTPKH  in  me<licinc  is  intimately  connoct^Hl  with  animal  experi- 
mentation, particularly  the  n-production  of  human  diaeatiefi  in  the 
lower  animals.  It  w-ems  abnotit  superfluous  to  call  attention  to  the 
great  benefit  which  modem  me<lical  science  ban  derived  from  the 
8uccefl8ful  reproduction  in  the  common  laborat4>ry  animals  of  fiuoh 
infeetiouK  diM'am-fl  a«  rabies,  tuberculosis,  trypanosomiasis,  syphilis, 
etc.  Dineovericfl  of  this  nature  are  usually  followed  by  more  rational 
methods  of  diagnosis,  prevention  and  treatment.  This  applies  equally 
well  to  the  diseases  of  tiietaiy  origin,  which  group  includefl  the  so- 
called  deficiency  diHeas«>fl  of  which  beri  beri  is  the  )M>st  known  example. 
Thus  it  cannot  be  questioned  that  Eijkman's  di.'<covery  that  poljiieu- 
ritifl  in  fowls  could  l>e  inducetl  by  an  exclusive  diet  of  poltsh<>d  rice  has 
very  mat<-rially  contributed  to  our  present  conception  of  the  etiolofgr 
of  N-ri  beri  and  its  prevention. 

The  study  of  deficiency  pt^yneuritis  is  altto  intimaU-ty  c«>nnerted 
with  the  more  recent  development  of  the  physiological  aspectx  of  nutri- 
tion inasmuch  as  it  has  been  shown  that  beri  beri  is  due  to  a  deficH-ney 
of  the  diet  in  a  definite  sulwtanee  (antineurilic  vitamine),  which  is 
esM-ntial  for  normal  nutrition.  Fn>in  this  standpoint  the  study  f>f 
Ix'ri  txTi  in  animals  will  undoubti^lly  shed  some  light  on  the  physio- 
logical function  of  the  antineurilic  ^ntamine.  All  we  know  at  the 
pn-Hent  tinie  n-garding  this  function  is  that  a  certain  minimal  amount 
of  this  KtiliHtann-  must  t)e  prem-nt  in  the  diet  in  onler  to  permit  normal 
growth  of  the  young  and  the  maintenance  of  weight  and  health  of  the 
adult  animni  and  man. 

AlthouKh  binis  nn'  very  HHti.''fHelor>-  for  certain  work  on  polyneu- 
ritis, their  uiu-fulni'v«  in  trbviously  liiniteil  iniL>unucb  as  their  anatomy 
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and  physiological  behavior  differ  considerably  from  those  o!  mam- 
malia. The  present  investigation  aimed,  therefore,  primari  y  at  the 
production  of  deficiency  polyneuritis  in  animals  which  were  more 
closely  related  to  man  and  which  could  be  used  to  better  advantage  in 
studies  on  experimental  polyneuritis  and  the  physiolt^cal  function  of 
the  antineuritic  vitamine. 

Literature  referring  to  mammalian  potyiieuTitia,  A  perusal  of  the  literature  on 
beri  beri  and  deficiency  polyneuritis  shows  that  several  investigators  have  ob- 
served symptoms  and  pathological  lesions  in  mammals,  resembling  very  closely 
those  characteristic  of  beri  beri.  However,  no  systematic  attempt  seems  to 
have  been  made  to  identify  this  condition  as  true  polyneuritis  due  to  a  dietary 
deficiency. 

De  Lacerda  ('SS)  reports  a  study  of  a  disease  extensively  prevalent  among 
horses  and  hogs  in  Brazil.  This  author  calls  attention  to  the  great  similarity 
of  this  disease  with  beri  beri,  and  also  emphasiwa  the  fact  that  carnivorous 
animals  seemed  to  be  refractory  to  it. 

Hose  ('05)  very  briefly  refers  to  a  feeding  experiment  with  three  monkeys 
(Macacua  nemestrinus)  on  rice.  "One  of  the  monkeys  exhibited  no  special  symp- 
toms, but  the  other  two  developed  some  of  the  characteristic  nervous  symptoms 
of  hen  beri." 

Braddon  ('07)  in  his  book  on  the  cause  and  prevention  of  beri  beri  graphically 
describes  a  disease  which  he  observed  in  India  among  horses  fed  on  rice  paddy. 
From  his  description,  he  was  dealing  with  a  disease  very  similar  to  beri  beri. 

Scfaaumann  ('10)  reports  experiments  on  a  few  rats  and  dogs  which  he  fed  on 
"denatured"  horse  meat.  The  animals  lost  body  weight  and  after  several  weeks 
exhibited  paralytic  symptoms.  The  peripheral  nerves  revealed  myelin  degenera- 
tion of  a  rather  mild  degree. 

Shiga  and  Kusama  ('11)  fed  two  Japanese  monkeys  [Maeacus  c!/nomolgu») 
exclusively  on  boiled  rice.  One  of  the  animals  became  emaciated  and  on  the 
37th  day  of  the  experiment  developed  paretic  symptoms  in  his  hind  legs.  The 
other  monkey  died  after  five  months  from  generalized  tuberculosis,  without 
having  shown  any  paralytic  symptoms.  The  necropsy  findings  of  the  paretic 
animal  included  a  slight  oedema tous  condition  of  the  lower  parts  of  the  hind  legs, 
increased  pericardial  fluid,  enlargement  of  the  heart  and  oedema  of  the  posterior 
lobes  of  the  lungs.  Histological  examination  of  the  peripheral  nerves  showed  a 
number  of  degenerated  fibers. 

Rommel  and  Vedder  {'15)  report  a  few  experiments  in  which  beri  beri-like 
symptoms  were  observed  in  pigs  fed  on  rice. 

Andrews  ('12)  produced  polyneuritis  in  seven  young  puppies  which  were 
nursed  by  Philippine  mothers  whose  infants  had  died  of  beri  beri. 

Osborne  and  Mendel  and  McCollum  and  his  collaborators  in  their  work  on 
growth  state  that  they  have  frequently  observed  polyneuritis  in  albino  rats 
which  were  fed  on  a  deficient  diet.  We  are  able  to  confirm  these  findings,  but 
we  also  should  like  to  point  out  the  limited  usefulness  of  rats  on  account  of  their 
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Id  mmiwipg  up  tbii  nview  of  th«  ltt«rfttun  perUininK  to  expenineiita]  buud* 
nuUiui  polyneuritu  it  is  evident  that,  so  far,  no  method  is  available  by  whirb 
thia  diseane  cao  be  produced  with  any  degree  of  certainty  in  the  larger  mam- 
malia nor  have  moit  of  the  previoua  inreiiigston  clearly  demooBtrated  that  the 
disease  which  they  observMi  waa  due  solely  to  a  deficiency  of  the  diet  in  anti- 
neuritie  vitamine. 

EXPBBIUENTAL    PABT 

The  experiments  which  will  be  reported  in  the  following  page*  were 
carried  out  on  dogs,  cats  and  albino  rats.  Fmn  preliminai?  experi- 
ments  it  soon  became  evident  that  cats  seemed  to  respond  to  a  defi- 
cient diet  with  the  greatest  regularity  and  for  thia  reason  most  of  the 
work  dealt  with  this  species. 

In  regard  to  the  selection  of  the  food,  the  dietary  habits  of  the  vari- 
ous animals  bad  to  be  taken  into  considerstion.  It  stands  to  reason 
that  a  carnivorous  animal  cannot  be  fed  satisfactorily  on  vegetable 
foods  to  whidi  it  is  not  accustoaied.  It  should  therefwe  be  emph*- 
aiaed  that  the  successful  prosecution  of  work  of  this  kind  depends 
mainly  on  a  proper  selection  of  the  diet.  For  instance,  adult  dogs  and 
cats  can  be  kept  for  many  weeks  and  months  in  perfect  health  on  an 
exclusive  diet  of  beef.  This  food  evidently  fulfills  all  the  dietary 
requirements  for  this  species  and  was,  therefore,  adopted  in  this  inves- 
tigation. Rats,  being  omnivorous  animals,  can  be  maintained  for  a 
limited  period  on  meat,  but  as  already  pointed  out  by  Watson  and 
Hunter  ('06),  prolonged  meat  feeding  ultimately  leads  to  various 
pathological  changes. 

The  question  arose  as  to  whether  it  was  possible  to  destroy  the 
antineuritic  substance  of  beef  without  otherwise  altering  the  dietary 
value  of  this  food.  As  will  be  seen  from  the  results  to  be  described, 
meat,  even  when  heated  for  thrc«  hours  at  120''C.,  is  still  a  fairly  satis- 
factory food  for  cats  although  its  antineuritic  power  is  somewhat 
reduced  by  the  beating.  As  exposiuv  of  the  beef  to  a  relatively  hi|di 
temperature  did  not  teem  to  yield  a  product  devoid  of  antineuritir 
power,  it  was  thought  that  a  combination  of  heat  and  alkali  miidil 
accomplish  this  purpose.  Voegtlin,  Sullivan  and  Myers  ('16),  for 
inKlance,  had  discovered  the  fact  that  the  antineuritic  subntance  of 
"whole"  commeal  is  dratroyod  or  inactivated  in  baking  rombread  in 
the  prewnce  of  alkali  (nodium  carbonate).  Various  other  investi- 
gatont,  working  on  the  chemical  iiutlation  of  the  antineunlic  vitaminc, 
had  alno  n-ognisft)  the  deleterious  action  of  alkalies  on  vitaminc 
solutions. 
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On  the  basis  of  these  considerations  and  Sbhaumann's  experiments, 
the  meat  was  prepared  in  the  following  manner:  Lean  beeP  is  put 
through  a  hashing  machine.  It  is  then  treated  under  stirring  with  a 
10  per  cent  solution  of  sodium  carbonate  until  the  mixture  is  distinctly 
alkaline  to  litmus  paper.  The  meat  is  then  heated  in  an  autoclave  for 
three  hours  at  120°C.  After  cooling,  sufficient  dilute  hydrochloric 
acid  is  added  to  neutralize  the  mixture,  using  litmus  paper  as  an 
indicator 

In  order  to  determine  whether  heat  alone,  in  the  absence  of  an  alka- 
line reaction,  might  destroy  the  physiological  activity  of  the  antineu- 
ritic  vitamine,  a  number  of  animals  were  fed  on  beef  which  had  been 
heated  for  three  hours  at  120''C  without  the  previous  addition  of 
sodium  carbonate. 

Moreover,  the  possibihty  of  a  combined  action  of  heat  and  alkali 
on  meat  constituents  other  than  the  antineuritic  vitamine  had  to  be 
taken  into  consideration.  It  was  possible,  although  not  very  probable, 
that  the  symptoms  observed  in  miimalB  fed  with  alkali-treated  meat 
might  have  been  due  to  a  destruction  of  certain  essential  unino  acids 
or  the  fat-soluble  vitunine.  The  first  possibility  was  met  by  adding 
purified  casein  to  the  alkali  sterilized  meat;  the  second  by  adding  a 
certain  percentage  of  butter,  a  food  which  is  known  to  contain  a  con- 
siderable amount  of  the  fat-soluble  vitamine. 

The  cats,  dogs  and  rats  were  kept  during  the  whole  period  of  the 
experiment  in  small,  well  ventilated  rooms.  During  the  colder  season 
of  the  year  it  was  found  necessary  to  provide  sufficient  heat  to  prevent 
the  occurrence  of  distemper.  The  cats  and  dogs,  fed  on  the  deficient 
diet,  seined  extremely  susceptible  to  this  disease  and  we  lost  a  great 
number  of  the  animals  from  this  cause  until  the  rooms  were  properly 
heated.  After  this  precaution  was  taken  there  were  no  further  cases  of 
distemper.  A  sufficient  supply  of  fresh  water  was  provided  for  all 
animals. 

The  following  tables,  protocols  and  charts  illustrate  the  main  results. 

'  It  in  importuit  tb&t  moat  of  the  fat  be  removed  from  the  meat  as  otherwise 
the  alkali  will  cause  considerable  saponification  during  the  aubaequent  heating. 
When  this  precaution  is  neglected  the  animals  do  not  eeem  to  retiah  the  meat 
and  often  refuBC  to  eat  it  altogether. 
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t  produced  in  eati  bv  a  diet  of  lean  btef,  luaUd  for  tkret  hourt  <U  ttCTC. 
tn  th*  prtnnrt  of  todium  carbonate 


SIHday:  Died 

Ntnopty:  No  marked,  fcrowi  patboloRicsl  Bndiofca 

llnd  day:  Sliftht    pftjalysls  of    lefts   and    coDvuUire 

sriiure 
tSrd  day:  Reremd  20  cc.  autolyied  yeast  BllraW  by 

Btomarh  tub« 
tilh  day:  ConHiderably  improTcil.     Ilaa  distemper 
iSlh  day:  Died.     8lif[ht  Rafltro-enteritiB 
Yap's  and  sciatic:  Myelin  degeDeration 

trih  day;  Complete  IcR  paralyHia.     On  beinx  handled. 

devrloikfi  clonic     npaatn,     Pupiln  react  very  nliiit* 

ginhly   lo  BtrnnR  lixht.     Given     20  ec.    autolyied 

yf-aJ>t  filtrate  by  stomach  tube 
IHIh  day:  Considerably   improred.    Hits   in   oonnal 

position.     No  cocTuUions.     Has  diat«mpcr 
t$lh  day:  No  convulxions  or  marked  paralysu,  but 

appears  nick 
SOIb  day:  Found  dead 
Purulent    tracheo-bronrhitis.     LunKs:   passive    con- 

geation  and  oedema.    Sciatic:  mild  myelin  degen- 

ll»t  day:  Marked  left  paralysb  and  clonic  eonvulaions 
ttnd    day:  Sifois    of    dislomper    noticed.    Paralytic 

symptoms  mure  pronounced 
tSrii  daii:  Krrrivrs  '31  cr.  aulolyted  yeaat  filtrate  by 

slomarh  tulie.  Most  of  thtH  is  lost  by  vomilini 
titit  day:  Slifthtly  improved.  M  cc.  ycnnl  filtrate 
tSlh    day:  I'sralyKis    much    in)prove<l.         I>ialemper 

fith 


Dieil.  Purulent  bronchitis, 
•.)n«e-iion.  Slinht  RHhtrilis.  Sciatic 
ihow  some  dcnencrslod  lilier 


Pulmonary 
and    vagua 
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SOth    day:  CoDdttion    unchanged.    Reap.    28;    pulse 

198;  rect  temp.  38.6°C. 
il*t  daj/:  Paralysis  woree;  resp.  33;  pulae  186;  rect. 

temp.  38 °C. 
ilTtd  day:  Severe  coovuluona;  reep.  rapid  and  labored 
XSrd  day;  Found  dead.    Sciatic:  foamy  appearance, 

mild  degeneration 

IBtk  day:  Walks  with  marked  incoordination  and 
weakness  of  hind  legs;  falls  often;  resp.  32;  pulse 
172,  rect.  temp.  36.5°C.    Knee  jerks  present 

SOlh  day:  General  appearance  about  same  as  last 
noted.  Stilt  shows  iQco<>rdination.  Has  convul- 
sions lasting  a  few  seconds 

list  day:  Much  worse,  resp.  70,  pulse  68;  rect.  temp. 
34°C. 

Stnd  day:  Found  dead.  No  marked  gross  patho- 
logical findings.    Sciatic  slightly  degenerated 

14tk  day:  Semi-comatose;  unable  to  walk;  knee  reB«x 
present.  Slight  convulsions.  Resp.  18;  pulse  48, 
rect.  temp,  below  32°C.  Died  at  10  p.m.  No 
marked  gross  pathological  findings  except  consider- 
able emaciation  and  slight  nephritis.  Sciatic: 
foamy  appearance  of  many  fibers 

I4ih  day:  Walks  with  marked  spasticity  of  legs 

tSlk  day:  Found  dead 

Necropsy:  Purulent    bronchitis;    otherwise    normal. 

Sciatic  shows  many  fibers  with  segmentation  and 

foam y-1  ike  structure 
19th  day:  Unsteady  gait,  especially  marked  in  hind  legs 
tOth  day:  Definitely  worse,  plaintive  cry,  cannot  take 

more  than  a  few  steps  without  falling,  refuses  food 
ttsl  day:  Unable  to  walk,  resp.  45,  somewhat  labored. 

Given  20  cc.  autolysed  yeast  filtrate  by  stomach 

tube  at  11.35 
tgnd  day:  Much  improved ,  walks  about  without  much 

difficulty,    appetite    returned.    Seems    la    relish 

steriliied  meat 
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14th  day:  Walks  mbout  nonnally,  a«enu  to  be  in  Itir 

conditioD.    Given  IS  ec.  kutolyied  yeut  filtra(«. 
iffiA  day:  Not  k  trAC«  of  pftreaia,  Menu  quite  lively. 

Given  lA  cc.  lutolysed  yeut  filtrate 
MlA  daj/:  NoitoaI  appeftnuice,  1ft  cc.  eutolyied  yeut 

filtrate.    E«ta  nonnnlly 
tfIA  day:  Seeme  perfectly  uonnAl 
40tk  day:  Still  in  excellent  condition.    Is  fed  from 

now  oa  dftily  with  nlknli  ateriliied  mett  to  which 

3  cc.  of  ftutolyied  yeut  filtrate  per  kilo  of  body 

weight  ie  ndded.    Hu  gftined  coneiderably  in  body 

weight 
IVKh  day.    Still  in  excellent  condition.    Body  wei^t 

18  per  cent  kbove  initi*]  weight.    Adminiatrktion 

of  yeut  filtrate  is  diaeontinued 
$StlK  day:  Refuaee  food.    Seenia  to  be  weak.    Haa  n» 

conrulaiona 
lllth  day:  Staneriog  gait 
llflh  day:  Found  dead.    Loea  of  weight  23  per  cent 

JSrif  day:  Marked  incoordination  when  attempting 
to  walk,  (alia  over  aa  if  intoxicated.  Clonic  con- 
vulaions,  oplathotonua  at  times.  Refused  to  eal 
for  last  two  day*.  Given  20  cc.  autolyied  yeaat 
filtrate.  Complete  recovery  of  Keneral  health  and 
body  wei^t  during  the  following  weeka  on  a  diet  of 
alkali  ateriliaed  meat  +  1.5  cc.  yeast  filtrate  per  kg. 
body  weight 
f40lA  day:  Animal  in  exorllcnt  condition 

tOth  day:  Marked  ataxia,  from  time  to  lime  has  le* 
vere  clonic  convulsions,  during  which  head  and 
neck  are  bent  forward.  Plaintive  cries.  Reap.  3S. 
pulse  180;  rect.  temp.  37.3°('.  Kefuseii  food.  Le|p 
show  Bpasiirity.  Given  20  cc.  yensl  vitamtne 
(FeCI,,  vitamine  no.  31 

till  da<i:  Can  walk,  showa  but  little  incofirdination. 
Spasticity  of  lr|c«  haa  slmiMt  completely  diaap- 
prarrd.  So  miirp  convulsions,  (iivcn  20  ft.  >'east 
vilnminr  (KcCli  vitnmine  no,  3.) 
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Itnd  dag:  Improved,  but  does  not  eat;  given  SO  cc. 

autolyzed  yeast  filtrate.    Reap.  21;  pulse  162;  rect. 

temp.  38.2'C. 
tSrd  day:  Condition  slightly  worse;  one  convulsion; 

given  25  cc.  autolyied  yeast  filtrate 
Sithd  day:  Seems  very  much  improved;  ate  some 

food;  does  not  cry;  pulae  134;  rect.  temp.  38.8°C. 

Accidentally  killed  by  passing  stomach  tube  into 

trachea  during  administration  of  yeast  filtrate 

tflh  day:  Lost  appetite  during  last  week.  Shows 
very  definite  spastic  condition  of  legs.  Arches 
back  and  shows  typical  high  stepping  gait  in  hind 
legs.    Pulse  192;  rect.  temp.  3S.6°C. 

tBth  day:  Condition  unchanged 

teth  day:  Symptoms  more  pronounced.  Consider- 
able spasticity;  convulsions;  given  2S  cc.  autolyted 
yeast  filtrate,  most  of  which  was  vomited  up  a  few 
minutes  later.  An  additional  IS  cc.  was  given 
and  retained 

t7th  day:  Appears  much  improved;  walks  about  nor- 
mally; does  not  show  much  spasticity;  from  this 
date  on  animal  made  rapid  recovery,  so  far  as  gen- 
eral condition  and  body  weight  are  concerned, 
without  any  change  in  diet  except  that  cat  receives 
daily  4  cc.  autolysed  yeast  filtrate  per  kilo  body 
weight 

Jtlil  day:  Animal  in  excellent  condition.  Gain  of 
body  weight  25  per  cent 

IStk  day:  Considerable  ataxia  when  walking.  Few 
severe  convulsions  lasting  a  few  seconds  each  are 
noted.  Plaintive  cry.  Pulse  200;  regular;  resp. 
36;  rect. temp, 37.3 °C.  ParalyticHymptomeelightly 
improved,  but  after  some  exercise  symptoms  grad- 
ally  grow  worse.    Marked  flow  of  t|)iak  saliva 

I9lh  day:  Resp.  shallow  and  irregular;  faulty  pulse; 
rect.  temp.  3S.5°C.;  given  15  cc.  yeast  vitamine 
(FeClj  vitamine  no.  3,  equivalent  to  37.5. 
autolyzed  yeast  filtrate) 
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TABLE  l~C«iIiiti>W 


tOlh  day:  Walks  kbout  room  with  conaiderftble  inco- 
ordination but  it  very  much  improved.  Still 
refuses  food.  This  animal  Kradually  improved  after 
receivinit  another  dose  of  ferric  chloride  vitAffline. 
followcil  by  daily  adminislrktion  of  4  cc.  aulolyied 
yeaat  filtrate  per  kfc-  body  weinht 

The  body  weifiht  returned  normal  and  the  symptom* 
entirely  disappeared 

llOth  day:  Animal  in  excellent  condition.     F>ca|ieB 

SSrd  day:  Hind  Icrs  completely  paralyted.  Unable 
to  stand.  Occasional  clonic  eonvulnions  lasting 
for  a  few  HOCondM.  Pupils  dilated;  react  very  slujt- 
KiKhly  tOiStronR  lifthl 

Silk  day:  Found  dead 

Stcropty  finding:  lunitn  slifEhlly  conjteited.  In- 
crease in  iM-rirardial  fluid.  Fatty  liver.  Kidney 
pale.  Gall  bladder  diKlended.  Cafllro-inteKtinal 
tract  normal.  Scislic  shows  exiensive  myelin 
deftencration.     Vagus  only  slightly  dcttenerated 

idih  day:  Several  severe  convulsions  last  inn  few 
m'condit.  Walks  n-iih  practically  normal  icaii  dur- 
inn  intervals.     Putse  rate  hif(h  (cannot  be  counted  i 


■al 


till  das:  When  atlemplinic  to  walk  falls  over.  Pa- 
1  ralyitis  eK|iccially  noticeable  in  hind  lepi.  Fairly 
I       welt  nouriiihed.     Pupiln  cnlarp^d;  react  very  slowly 

and    incompletely   to  stionfi   sunlight.     Pulse   2W. 

rrKular;  renp.  52:  shallow,  irrexular.  with  tendency 
1  to  stop  durinR  expiration.  Plaintive  cry.  Con- 
j       vulsioHH   can  lie  elicited  by  handliuK  the  Miimal. 

KxeeHHive    mrretion    of    thick    Haliva.     t'sed    for 

Mood  prenBure  eiiierimeDt 
Srrriifity    finJingt:  Increune 

fluid.     Sli|[ht  pulmonary  co 

Spleen,    stomach    and    intci 

pale.      Sciatic  shows    difTuH 
'       very  -linl.liy  dcKencrnlcl 


in  clear  pericardial 
iicesiion.  Fatty  li\-er 
tine  normal.  Kidney 
■  defeneration.   Vaipia 
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471k  day:  Animal  unable  to  stand  up;  paralysis  espe- 
cially marked  in  hind  legs.  Pupils  enlarged. 
Pulse  very  fast.    Reap.  45,  somewhat  labored 

iSth  ^day:  Condition  unchanged.  Fjiralysis  more 
marked.    No  convulsions 

i9th  day:  Found  dead 

Necropsy  findings:  Lunga  nonnal;  heart  enlarged; 
liver  fatty;  otherwise  no  significant  changes.  Sci- 
atic: most  fibers  show  moderate  degree  of  myelin 
degeneration 

S9th  day:  Animal,  after  walking  about  room  for  some 
time,  develops  slight  paralytic  symptoms 

40th  day:  Convulsions  have  appeared.  During  in- 
tervals between  convulsions  cat  stands  with  legs 
spread  apart.  Hind  legs  especially  weak.  Wheo 
walking,  hind  legs  give  way  and  cat  falls  on  floor. 
Pupils  dilated;  resp,  56;  irregular,  largely  abdom- 
inal in  character.    Pulse  240  when  lying  quietly 

ilat  day:  Complete  paralysis  of  legs.  Unable  to 
stand  up.    Lying  on  side.    Resp.  40,    Pulse  240 

iind  day:  Found  dead 

Necropsy:  Fatty  appearance  of  liver.  Other  organs 
practically  normai.  Sciatic  shows  foamy  appear- 
ance  and  only  slight  degeneration 

SSlk  day:  Able  to  stand  up  but  falls  down  when  at- 
tempting to  walk;  paralysis  especially  pronounced 
in  hind  legs.  Arched  back.  Has  convulsions  at 
frequent  intervals.  Resp.  52,  regular,  largely 
abdominal;  pulse  152,  fairly  regular 

S9th  day:  Paralysis  of  hind  legs  complete.  Has  tend- 
ency to  crawl  in  circle  to  right.  Holds  head  to 
right  side.  Plaintive  cry.  Palpebral  fissure  en- 
larged and  pupils  dilated.  Resp.  72;  pulse  232. 
Given  subcutaneously  4  cc.  (SO  mgm.)  yeast  vita- 
mine  fraction 
40th  day:  Seems  to  be  slightly  improved.  Given  30 
,  autolyied  yeast  filtrate 
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iltt  dan:  Very  nurked  improveiMot.  Aninul  ituida 
up  mod  wkIIu  with  proDounced  Ataxift.  No  codtuI- 
■ioDS.    Given  3D  cc.  sutolTied  jrcMt  filtral* 

4»nd  da]/:  PknJytio  aymptoma  further  improved. 
AppetiU  h*a  retUmed;  10  eo.  sutolyMd  yeaat  fil- 
trate Rtven.  TrefttnMot  from  here  on  omitted  utd 
e»t  finally  died  fl  dajB  later,  after  return  of  aymp- 


S/fl  day:  Swaying  gait.  Haa  convulaiana  from  tinw 
to  time.  Doe*  not  appear  to  be  in  pain.  PuIm 
84,  irregular.    Reapiration  labored  at  Uinea 

Sfnd  dajf:  Condition  unchanged;  animal  uaed  tor 
blood  prcMure  experiment 

Necntpty  finding*:  Heart  normal,  Tery  ntall  eon- 
geated  area  in  right  lung.  Liver  haa  fatty  appear- 
aoce.  Spleen,  intestine  and  Iddneya  normal  in 
appearaaee.  Sdatio  ihowa  advanced  myelin  de- 
generation. Vagua.fairlywellmarked  degeneratioa 
with  foamy  appearanoe 

Sith  day:  Haa  aevere  leg  paralyna.  Unable  to  ■taad. 
Crawli  about.  Reap,  ia  periodically  very  rapid 
and  labored.  Pulae  300.  Animal  uaed  for  blood 
preaaure  experiment.  Sciatic  ahowa  very  eilenaive 
myelin  degeneration 

SSth  day:  Haa  aeveral  conralaiona  laating  for  a  few 
■econda  each-  Pulae  very  rapid;  impoaaible  to 
count;  reap,  normal 

MlA  day:  Condition  unchanged 

SJlk  day:  Lega  ahow  very  marked  paralyais;  reap. 
irregular  and  labored.  Heart  rale  very  rapid. 
Pupila  enlarged 

iktk  day:  Symptoma  atill  further  aggravated.  Ani- 
mal atill  able  to  walk.  Pulae  280.  Reap,  irregular. 
apaamodio  at  timea.  Haa  refuaed  food  for  aeveral 
days.  Animal  uaed  for  blood  preMure  experiment. 
Rcialic  and  vague  shew  moderate  myelin  defenerv- 
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TABLES 

J'olyiuuritit  produced  in  cat»  by  a  diet  of  lean  bee/,  heated/or  tkree  hours  at  ItO'C. 
in  ihe  presence  of  sodium  carbonate.     {Effect  of  addition  of  purified 

caiein,  or  butlerfal,  or  both) 


{10  per  cent  purified  eatein  v»u  added  to  the  meat,  after 
removal  from  the  autoclave) 

SBth  day:  Considerable  weaknesB  in  hind  lep 

S7th  day:  WeakneBs  in  hind  le^  more  marked.  Palls 
over  when  attempting  to  walk 

60th  day:  Symptoms  have  gradually  iaoreased  la 
severity  during  last  3  days.  Marked  paralysis  of 
the  hind  legs.  Intennittent  convulsions  observed. 
Cat  found  lying  on  side  in  an  unconscious  condi- 
tion. Pupils  contracted.  Corneal  reflex  practi- 
cally absent.  Ii«spiration  abdominal;  Bhallow  knd 
irregular.  Heart  beat  90,  regular  but  very  feeble. 
Pulse  in  femoral  artery  cannot  be  made  out.  Body 
cold.    Dies 

Neeropey:  Emaciated  body.  Mecfaanic&l  stimula-. 
tion  of  phrenic  causes  contraction  of  diaphragm; 
that  of  sciatic,  contraction  of  leg  muscles.  Lunp 
show  small  oedematous  areas.  Heart  dilated. 
Increase  in  pericardial  fluid.  Liver  ooogested, 
fatty  appearance.  Gall  bladder  distended.  Sfdeen 
and  kidney  congested.  Abdominal  lymph  glands 
enlarged.  Stomach  normal  except  congestion  of 
fundus.  Small  intestine  normal.  Large  intestine 
6Iled  with  slightly  bloody  faecal  matter.  No 
oedema  of  subcutaneous  tissue.  Sciatic,  foamy 
appearance 

{10  per  cent  purified  caaein  wa<  added  to  the  mtai  after 

removal  from  atUoclaee) 
Sltt  day:  Walks  with  arched  back,  stiffness  of  hind 

legs  and  marked  ataxia.    Does  not  appear  to  be  in 

SSrd  day:  Has  clonic  convtJsioQs,  with  opisthotoDUS. 
Rigidity  of  legs.  When  walking,  ataxia  is  more 
marked.  Falls  over  at  times  on  account  of  hind 
legs  being  conMderably  paralysed.  Rect.  temp. 
ST.S'C.  Given  25  cc.  melted  butt«r  by  stomach 
tube 
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Silh  day:  FaralyHJfi  morr  o^vere.  On  atU-mpTinK  to 
ataod.  fallH  on  niilr;  Htill  hnn  convulsioim.  Sway- 
ing of  anterior  part  o(  body  wbon  attrmplinn  to 
walk.  PuIho  1-)H.  KrHp.  normal.  Pupil*  rract 
vpry  HliiRjtiHhly  lo  Hf[ht,  Trie*  to  rateh  idoiihp  but 
rcruxcs  to  eai  allmli  tn-aicd  hc<-r 

SSlh  day:  Complelcly  paralyird 

Xllk  day:  Dead 

Strropty:  No  Rriiiui  patholoKical  findinRi  except  that 
liver  pmtrDta  rhararlpriHtic  "nulmen"  ripprar- 
anre.     Sriatir  ahowH  mild  tnyplin  drp-neralion 

{10  per  rent  of  earn  in  and  S  ptr  rrnt  of  hultrr  Jal  irrrt 
addtd  to  the  meal,  after  remin-al  friim  tht  auliiftar*  > 

SSrd  day:  Animal  hati  rlimjr  ronvulcionn  with  opia* 
tbotonuM  and  rigidity  o(  Irpi.  ('onvuUionit  spprar 
auddenly  durinK  which  conHcioUHnriw  in  nut  lo«l. 
Immediately  after  the  convulHiont,  whirh  laul  for 
a  few  aerondK.  the  cat  icelii  up  and  walkii  about 
room,  nhowinii  marked  ripdity  of  leio'.  arched 
bark,  iwayinK  of  poHierior  part  of  body  and  hiith 
aleppinff  nail.  I'upila  are  enlarRed  and  pal|iphral 
fiHHure  in  abnormally  KKat  (exophlhalmuiii. 
CrieH,  but  doen  nut  iieem  to  be  in  pain.  Trirx  to 
catch  roouHC,  hut  rcfuaea  to  eal  alerilited  meat. 
Senaalion  lo  pain  in  leg"  not  aboliaheil.  Receives 
at  niH>n  by  Hlomach  tube  18  cc.  of  a  purified  yeaiit 
vitamine  fraction  2  cr.  of  which  had  cauied  th« 
complete  recovi-ry  of  a  iieverply  parslyied  pilteon 
within  a  few  houra.     2  p.m.  ealn  150  icm.  of  raeat 

Silk  day:  No  convutniim*.     Walks  about  r<M)m  with- 

ut  nhowinK  any  paralytic  aymptoma 

^  .l!<lk  day:  Animal  ha«  liei-n  free  from  aympliinui  unlil 

I       todny.     Now  HhiiwH  hi|[h  utrppinR  Rait  and  otiRht 

j       BwayinR  of  pdntcrior  part  iif  lH«ly.     No  ronvulxionii 

'  iilh  'lay:  f\ai  a  convulsion  imniedintely  afler  beinR 

(Hkcn  out  of  cnRc.     ltecoven>  rapidly  and  alteinptii 

lo  walk,  but  fnlU  over  im  led  xide.     IWt  hind  IrR 

(■■emu    lo   lie   completely    paralyzed.     When   lyinR 


bd..i 
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TABLE  i~C<mdiidii 


(see 
chart  7) 


iilh  day:  No  convulBions.  Walks  without  Bhowing 
paratysis.    Appears  well 

Sith  day:  Shows  slight  weakness  ia  hind  legs.  No 
convulsions.    Seems  fairly  well 

7tnd  day:  Seems  weak,  but  shows  alsodefintte  atana. 
Plaintive  cry 

rSrdday:  Dead 

Neeropay:  Fairly  well-nourished  body.  Nothing  ab- 
normal except  that  ileum  is  injected  throughout. 
Large  intestine  contains  dry  fecal  matter.  Con- 
siderable peritoneal  fat.  Sciatic,  marked  myelin 
degeneration 

(10  per  cent  catein  is  added  to  meat  after  iu  rtniooat 
from  the  autoclaiie) 

B9th  day:  Considerable  paralysis  of  legs.  Opiatho- 
toQus.    Unable  to  walk.    Plaintive  cry 

Stnd  day:  Paralytic  symptoms  have  gradually  be- 
come more  aggravated;  animal  found  dead. 

Necropsy:  Body  in  fair  state  of  nutrition.  No  sub- 
cutaneous oedema.  Fair  amount  of  subcutaneous 
fat.  Liver  shows  some  fatty  change.  Kidney, 
cloudy  swelling.  No  other  changes.  Sciatic, 
slight  myelin  degeneration 

{10  per  cent  casein  ajid  S  per  cent  butler  fat  are  added 
to  meat  after  ite  removal  from  the  autoclave) 

BSlh  day:  Cat  has  been  apparently  well  until  today. 
9  a.m.  Slight  weakness  of  hind  legs.  Droopy.  2.30 
p.m.  Convulsion  with  opisthotonus.  Walks  with 
marked  incoordination 

SBtkday:  9  a.m.  Unable  to  stand  or  walk,  Hindlegs 
completely  paralysed.  Uses  front  legs  in  attempt 
to  get  up.  Barely  able  to  crawl.  Still  has  con- 
vulsioDB.     Refuses  food 

68th  day:  Condition  unchanged 

70th  day:  Stuporous.  Cries  as  if  in  pain.  Leg  paral- 
ysis complete 

TUt  day:  Dead 

Necropsy:  Heart  dilated,  flabby.  Liver,  fatty  ap- 
[learance.  Spleen  and  kidney  congested.  Spinal 
cord  normal.     Cerebrum  congested 
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PBOTOCOI3 
Dog  3  (m«  chart  ») 

On  the  Vth  day  a  rareful  exatninalioa  of  the  animal  revealed  do  arorbuiic 
nor  oeurilie  BymptamB. 

46th  day.    No  definite  lymptoma  except  complete  Iom  of  appetite. 

47th  day.  Evidence  of  emaciation.  Pulse  144.  Rectal  temperature  3S.5*C. 
Very  excitable.     Impoaaible  to  detennine  rate  of  respiration. 

49tb  day  at  10  a.m.  Lively  and  aeenu  to  be  in  good  condition.  Tremblea. 
Excitable.    Tempersture  3S.rC. 

50th  day.  Still  refusea  food  but  does  not  appear  sick.  Temperalura  38.8*C. 
Pulae  rate  108. 

Slstday.    Lively,  no  change.    Temperature  38.6*.    Pulse  rate  124,  irregular. 

52nd  day.  EaU  well.  Temperature  39°.  Pulse  rate  90,  irregular.  Respira- 
tion 20. 

68th  day.    Has  been  eating  well.     Is  lively  and  of  normal  appearance. 

TOlh  day.  Appear*  very  gaunt.  Shivers.  Unable  to  hold  up  his  head. 
Cait  apaatic.  On  taking  a  few  stepe  the  bind  legs  stiffen  andare  dragged.  Can- 
not stand  up  more  than  3  minutes.  Temperature  3T.6*C.  Pulse  M.  Used  for 
blood  pressure  experiment. 

Dog  $  (ut  rhart  9) 

The  first  symptoms  were  observed  on  the  46tb  day  of  the  experiment,  when 
the  dog  bef  an  to  refuse  hie  food. 

4Sth  day.    Pulse  130.    Reapiration  16.    ReoUl  temperature  3S.9*C. 

SOlb  day.  Dog  lively  and  somewhat  excited.  Pulae  168,  slightly  irregular. 
Rectal  temperature  38. QT,  After  the  dog  become*  more  quiet  pulse  drops  to 
140. 

51st  day.  Pulse  105.  Temperature  30*C.  Htill  refuses  food  but  seems  quite 
lively. 

52nd  day.  Eats  a  small  amount  of  food.  Srema  to  be  in  good  condition. 
Putse  140.    Respiration  30.    Temperature  38.3°C. 

53rd  day.  Appetite  and  general  appearanoe  good.  Pulse  114.  Reapiration 
15.     Temperature  30°C. 

Mth  day.  Pulse  104.  Irregular.  Reapiration  16.  Temperature  3S.7*C. 
From  this  time  to  the  TOth  day,  dog  was  apparently  in  good  eoudition. 

TOth  day,  9.30  a.m.    Definite  aymptoms  consisting  of  marked  spasticity  of 
bind  legs.    iocreaiH-d    patellar   reflexea.     Pulse   68,    very  irregular.     Respiration 
12.    Temiierature  38*C.    On  very  alight  exertion  the  pulae  inrressea  to  ISO  and 
the  restiiration  to  18. 
'  10  31)  a.m.    A  mild  oonvulaion.    Dog  uaed  for  kj-mograph  exiierimeot. 

Ih^  e.     Malt.     10  B  kilot  fitt  (hart  9) 
I'll  K)  4.'>lh  <lny  .li>E  una  in  grnerally  rimkI  enndition.     On  this  day  at  9.00  a  m 
.\lilr  to  stand  up.     Walk*  a  few   nle|M  with 
again.     .\p|>rnrs   gaunt.     Cnnjunrlivitis    The 
nhow  no  hemorrhages.     Knee  jerks  are  exag- 
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12.30  p.m.  Unable  to  stand.  Given  50  cc.  autolyaed  yeaet  filtrate  per  stom- 
ach tube.  Some  of  tide  yeaat  product  waa  lout  by  vomiting  {probably  not  more 
than  30  cc] 

4.30  p.m.    Condition  unchan^d. 

46th  day  10.30  a.m.  Appears  greatly  improved.  Walks  almost  sonnally,  but 
becomes  easily  fatigued  and  falls  on  floor.  Drinks  vater  eagerly.  Pulse  123, 
irregular.    Respiration  10.    Rectal  temperature  39*^. 

11.30  a.m.    Runs  about  normally. 

11.50  a.m.    After  exercise,  pulse  140;  respiration  13. 

1.05  p.m.  Dog  has  been  quiet  tor  some  time.  Pulae  112.  Respiration  8.' 
Temperature  SS.S'C. 

48th  day,  9  a.m.  Walks  almost  normally.  After  walking  about,  pulse  ISO, 
less  irregular  than  previously.  Respiration  11.  Temperature  38.5°C.  Still 
refuses  food. 

49th  day.  Gait  is  practically  normal.  Pulse  175.  Respiration  11.  Tem- 
*    perature38.7''C. 

50th  day.  No  marked  change.  Urine:  considerable  albumen,  hyaline  and 
granular  casts,  bile  pigments,  a  few  pus  and  blood  cells.    Fehting,  negative.. 

5lBt  day.  Still  refuses  steriliEed  meat.  No  change  in  condition.  Given 
400  cc.  milk  +  30  cc.  autolyied  yeast  filtrate.  Dog  drinks  this  mixture  with 
eagerness. 

52Qd  day.  General  condition  good.  Has  eaten  some  steriliied  meat.  Given 
400  cc.  milk  +  30  cc.  yeast  filtrate.  The  respiration  has  increased  to  15;  the 
pulse  is  152.    Temperature  38.8°C. 

53rd  day.  Given  400  cc.  milk  +  30  cc.  yeast  filtrate,  which  is  taken  at  once. 
The  conjunctivitis  which  has  been  treated  with  boric  acid  has  practically  cleared 
up. 

54th  day.    Eats  475  cc.  milk  +  30  cc.  yeast  filtrate. 

55th  day.    475  cc.  milk. 

76th  day.  Diet  changed  to  400  gm.  sterilised  meat  +  orange  juice.  This 
food  is  eaten  very  well  by  dog. 

102nd  day.  Dog  has  been  in  fairly  good  condition  until  a  few  days  ago.  No 
paralytic  symptoms  were  observed  and  appetite  was  excellent.  However,  the 
dog  developed  a  skin  disease  (mange)  and  gradually  lost  body  weight.  Today 
the  animalwas  found  dead.  Necropsy  reveals  nothing  abnonnal  except  a  slightly 
inflamed  condition  of  gastro-intestinal  tract.    Sciatic  nerve :  myelin  degeneration. 

Dog  7  (see  ekart  10) 

This  animal  during  the  first  part  of  the  experiment  ate  the  alkali-treated 
meat  with  great  avidity. 

On  the  31st  day  the  animal  refused  its  food  and  appeared  to  be  not  as  well 
as  usual,  but  no  paralytic  symptoms  were  observed. 

32nd  day.  Appears  sick.  Refuses  food.  Slight  tremor  of  body.  Palls 
down  on  running  or  turning  quickly.  Knee  reflex  seems  to  be  exaggerated. 
Some  stiffness  of  muscles  of  neck  and  hindlegs.  Gums  normal.  Examination 
of  urine  shows  strongly  acid  reaction;  considerable  heat-coagulable  protein; 
bile  pigment:  a  few  granular  casts.  Rectal  temperature  37.8'C.  Respiration 
20.    Pulse  126,  very  irregular. 
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34th  dfty,  ConditioDBliKhtljrwoiM.  Gait  more  unatoady.  Fklla  over  eauly. 
Pulw  80,  irr«fulw.    lUapinitioD  30.    R«cUl  tompenture  38.3*C.    Vomita. 

35th  day.  ConditioD  of  dog  becomiiig  progreMively  wone.  Can  atill  walk 
but  faJla  easily.  Reflexes  exaggerated.  Pulse  130,  very  irregular.  Reapira- 
tioD  30.    Rectal  temperature  37.6*0.     Used  for  blood  preaeure  ezpertmeot. 

Dog  10  («M  eharl  10) 

This  animal  ate  well  and  was  in  good  condition  during  the  first  38  daya  of  the 
experiment.  From  this  time  on  the  appetite  decreased  and  on  the  43nd  day  Um 
dog  showed,  for  the  first  time,  definite  signs  of  paresis  in  bind  legs.  On  the 
4Sth  day  the  dog  was  found  dead. 

Necropsy:  Emaciated  body.  No  scorbutic  changes.  Lungs  normal;  heart 
dilated;  liver,  spleen  and  kidneys  nonnal;  stomach  shows  gastritis,  which  ia 
largely  confined  to  fundus  region.  Duodenum  shows  mild  inflammation.  8cia- 
atic  shows  slight  myelin  degeneration.  The  urine  of  this  animal  was  examined 
the  day  before  death  occurred,  with  the  following  results:  specific  gravity  lOIS; 
coagulable  protein,  trace;  a  few  casts;  Pehling,  negative;  acetone  and  diacetie, 
negative. 


Chart  I.  IlluHtrsteii  the  fact  that  sdutl  rntx  rin  be  krpt  foraconsiderabl* 
(■priixl  in  prrfrrl  nmililiim,  when  ted  rKrIiiHivdy  on  lean  \nvi  health  for  3  hours 
■  I  l'JI|-(~  in  Ihe  nliM-nrc  uf  Iref  alkalii.  CbIs  IA  and  IT  lived  on  thi*  diet  fur 
oviT  Wl  .la>>  and  wi-pc  in  every  rcHjifPt  normal  at  the  end  of  thi>  |M>riod.  ("at  IS 
dii-d  iiiicldi-»1y  on  the  \Mtb  day  of  (he  rx|NTiment,  without  having  iihown  any 
parnlytir  >yin|il<>mn.  The  rnuiw  iif  denih  in  thin  animal  ruuld  nut  l>e  mlab- 
li-lird  Ixil  iHilynciiritiH  ws>i  mil  rrHixm-iiMi-  for  the  death,  tui  the  iieripheral 
nerve-.  .Iiil  not  exhidii  any  myelin  dcKenersiinn.  Cat  1«  on  the  INlh  <lay  of  the 
e\|>i'riiiirtit  gave  birlh  lo  ;i  kitlrnn  whirli  died  '2  liay^  Inter  The  srialie  nerve* 
of  lli<'.H-k<llenii<li<inoi  hliow  any  liivellli  dep-nerntion.  Cat 'Jl  died  on  Ihe  I3ftth 
'liv  of  cii-ii'fii|H-r.     Tliix-  eT|H'riii>i'[ii-  >liow  ihni  llie  nuiorlaving  of  the  meat. 
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Chart  2.  Shows  that  pregnant  and  lactating  animals  are  apt  to  develop 
polyneuritis  on  a  diet  of  beef  which  was  heated  for  3  hours  at  120°C.  Pregnancy 
and  lactation,  therefore,  render  the  animals  more  susceptible  to  polyneuritis, 
an  observation  which  is  in  complete  agreement  with  the  observations  made  on 
beri  beri  in  the  human.  Here  also  it  was  found  that  pregnancy  and  lactation 
favor  the  appearance  of  the  disease.  , 
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Chart  3.  IllustrBt«s  the  toss  of  weight  preceding  the  appearance  of  poly- 
neuritis on  a  diet  of  alkali-treated  meat.  The  oral  administration  of  autolysed 
yeast  relieved  the  symptoms,  and  the  continued  daily  administration  of  a  small 
amount  (1.5  cc.)  of  autolyzed  yeast  fitrate  prevented  the  reappearance  of  the 
symptoms.  The  animal  not  only  recovered  its  original  body  weight  but  sur- 
passed it  by  20  per  cent.  The  cat  was  in  perfect  condition  on  the  137th  day 
when  the  experiment  was  discontinued. 
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Chart  4.  Shows  the  results  of  an  experiment  similar  to  that  illustrated  by 
Chart  3.  It  also  shovra  that  discontinuation  of  the  autolyied  yeast  filtrate  ia 
followed  by  a  recurrence  of  polyneuritis. 
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Weight  curve  of  ckt  102  on  leui  beef  hckled  for  3  hours  at  I20X.  in  preacDM 
of  N&iCOi.    After  cooling  10  per  rent  purified  cMein  u  added  to  meat. 


Chart  5.  Illiutratea  th«  fact  that  the  dueaae  produced  bj  exelunve  feeding 
on  alkali-treat«d  be«f  ia  not  due  to  a  deficiency  of  the  diet  in  oertun  eaaential 
amino  acids,  aa  the  addition  of  10  per  eent  purified  caaein  to  this  meat  does  not 
prevent  the  appearance  of  paralytic  aymptoma. 

Weii^t  curve  and  food  conaumption  of  cat  101,  fed  on  lean  beef  heated  for 
3  houn  at  laO'C.  in  preaenee  of  NaiCOi;  tO  per  cent  purified  cawin  added  afl«r 


Chart  fl.  Show*  that  the  addition  of  casein  and  butter  fat  to  alkali-treatcd 
beef  doe*  not  prevent  the  appearance  of  the  symptom*.  This  ia  in  marked  «<»• 
trast  to  the  striking  effect  of  a  single  comparatively  small  dose  of  an  aniineu- 
rilic  preparation  obtained  from  yeast;  18  cc.  (equivalent  to  300  rngm.)  of  this 
preparation  promptly  cauited  the  complete  disappearance  of  severe  paralytic 
symptoms.  tht>  animal  appearing  perfectly  normal  30  hours  after  the  treatment. 
A  few  days  later  the  nymptomi  reap|iean^,  and  on  the  lOth  day  following  the 
first  treatment  the  animal  was  again  severely  paralysed;  12  cc.  (equiralenl  to 
240  mgm.)  again  relieved  the  symptoms  for  several  days.  Note  infltience  of 
treatment  on  food  ronnumption. 
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Weight  curve  aod  food  coDsumption  of  cat  lOa  fed  on  tean  beef  heated  for  3 
hours  at  1!0°C.  in  the  presence  of  NaiCOt.  After  cooling  10  per  cent  casein  and 
6  per  cent  butter  are  added. 
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Chart  7.  Shows  that  the  addition  of  butter  and  purified  casein  to  the  olkali- 
treBt«d  meat  does  not  prevent  the  appearance  of  polyneuritic  aymptoms.  It 
happens  that  in  this  animal  the  incubation  period  is  considerably  longer  than 
in  cats  fed  on  meat  without  the  addition  of  butter  and  casein. 
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Chart  8.  The  upper  series  of  animals  (no.  11  to  IS)  was  fed  on  beef  which  had 
been  freed  from  fat  as  much  as  possible  previous  to  the  heating  for  3  hours  at 
120°C.  in  the  presence  of  NaiCOi.  The  second  series  (no.  47,  61,  64  and  55) 
received  during  a  preliminary  period  (indicated  by  broken  line)  beef  which  was 
treated  in  exactly  the  same  manner  as  mentioned  above,  with  the  exception  that 
the  fat  had  not  been  removed.  Note  the  fact  that  on  this  diet  the  animals  do 
not  lose  weight.  As  soon  aa  the  fat  was  eliminated  the  animals  also  began  to 
lose  weight  and  to  develop  polyneuritic  symptoms.  These  results  justify  the 
conclusion  that  the  presence  of  a  considerable  amount  of  fat  renders  the  anti- 
neuritic  vitamine  of  meat  more  resistant  to  the  combined  action  of  a  high  tem- 
perature (IWC.)  and  alksJi. 
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Chart  9.  llltulralt'H  the  Iom  of  body  weiRht  of  doga  fed  on  ftlkkli-treBt«d 
meat.  During  »  pivliminkry  prriiNl  of  20  dayn  the  aaimala  werr  fed  on  a  mis- 
ture  of  borl,  which  bad  b«^n  hcatpd  for  2  hount  icitknul  the  prerinu*  addilion  «/ 
MtUi,  and  "white"  brvad.  Thin  food  mixturr  caused  ao  ineraane  in  body 
weiiiht.  On  chaopDit  th«  dirt  to  ht^t  vhicb  had  been  heated  wilh  alkali,  the 
aumalii  KTadually  lout  vriftbl  and  drveloped  typical  palyoeuriiiA.  Don  6  waa 
•everely  paralyied  on  the  4dth  day  and  receivisl  about  30  ce.  aulolyied  yeaat 
filtrate  by  Htomach  tube.  The  followinit  day  the  lymploraa  had  almasi  com- 
pletely disappeared.    For  further  deiaits  bp^  protoeois. 
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Chart  10.     Weinht  purre  of  dop  fed  o 
in  the  preaeno  of  N'atCOi. 


a  bref  heated  for  2  houra  at  130*0. 
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Chart  11.  Shows  th&t  albino  rats  are  much  more  resiatant  to  polyneuritis 
than  either  cats  or  dogs.  The  meat  fed  these  rats  was  prepared  in  exactly  the 
same  manner  as  the  meat  which  was  used  for  the  feeding  of  the  dogs  and  cats. 
Note  the  increase  in  body  weight  up  to  the  110th  day.  Rat  10  was  a  youag 
animal  weighing  110  gm.  a  tthe  beginning  of  the  experiment.  This  rat  showed 
very  considerable  growth  during  the  first  25  days.  No  aymptomaiDharBCt«riBtic 
of  polyneuritis  were  observed  in  these  animals.  About  the  UOthday  the  weather 
became  very  wann  (July)  and  the  animals  developed  diarrhoea,  which  very 
probably  was  responsible  for  the  sudden  death  of  four  of  the  animals. 


DISCUSSION  OF  RESULTS 

One  of  the  moet  interesting  points  broi^ht  out  by  this  research  is 
the  great  difference  in  susceptibility  to  polyneuritis  between  the  vari- 
ous species  of  animals.  According  to  Fraaer  and  Stanton  ('09)  the 
shortest  incubation  period  for  beri  beri  in  man  on  a  diet  of  highly  . 
milled  rice  is  at  least  eighty-seven  days.  Pigeons  fed  on  the  same 
rice,  develop  the  disease  in  an  average  of  twenty-one  days,  chickens 
in  twenty-eight  days.  In  bur  cats,  fed  on  alkali-treated  meat,  the 
earUest  polyneuritic  symptoms  were  noticed  on  the  eighteenth  day. 
The  dogs  usually  required  about  a  month  to  six  weeks  for  the  appear- 
ance of  the  symptoms;  and  the  rats  (adult)  hved  for  at  least  one  hun- 
dred and  ten  days  on  the  same  deficient  diet  (alkali-treated  beef) 
without  showing  the  faintest  indication  of  polyneuritis.  One  rat  even 
lived  for  two  hundred  days,  apparently  in  perfect  health.  The  cats 
responded  to  the  deficient  diet  with  the  greatest  regularity,  all  of  them 
(28)  developing  the  disease.  For  unknown  reasons,  two  of  the  dogs 
were  refractory,  although  typical  polyneuritis  was  observed  in  other  , 
d<^. 
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Sjfmplomatology.  As  a  rule  the  animalfl  (dogs  and  cats)  appeared 
perfectly  Dormal  and  devoured  the  alluh<treat«K)  meat  for  the  fint 
week  or  two.  Sooner  or  later,  however,  their  appetite  became  capri- 
cious. A  very  marked  and  persistent  constipation  set  in  and  the 
animals  loet  their  liveliness  and  appeared  drowsy.  They  then  began 
to  lose  weight. 

There  was  a  great  individual  difference  in  the  manner  in  which  the 
paralytic  sympttans  made  their  appearance.  An  animal  would  senn 
to  be  normal  tmtil  it  was  taken  out  of  the  cage,  when  it  would  suddenly 
develop  a  tonic  convulsion  which  usually  lasted  for  only  a  few  seconds. 
These  convulsive  seisures  would  return  many  times  until  gradually 
they  gave  way  to  a  progressive  paralysis  of  the  legs  and  the  animal  was 
no  longer  able  to  walk  or  stand.  This  condition  was  soon  followed  by 
death.  In  other  cases  the  paralysis  first  revealed  itself  by  slight  weak- 
ness. The  animal  tired  easily  and  refused  to  walk.  This  was  usually 
followed  in  a  day  or  two  by  inoo6rdination  of  the  gait.  Often  spastic 
oontraotioD  <rf  certain  muscles  of  the  hindlegs  resulted  in  a  very  typical 
spastic  gait,  simulating  the  "steppage"  gait  of  multiple  neuritis  in 
the  human.  In  some  cats  the  back  showed  a  peraisli'nt  arching, 
resembling  the  position  caused  by  frii^t.  Anaesthesia  was  rarely 
present,  except  in  the  very  advanced  stages  of  the  disease.  The  ani- 
mals at  times  seemed  to  be  in  pain,  as  evidenced  by  the  plaintive  cries 
characteristic  of  cats. 

The  reflex  excitabiUty  was  often  exaggerated.  Stimulation  of  the 
cut  vagus  or  sciatic  caused  qualitatively  normal  reactions  (see  6g.  2) 
even  in  animals  with  far  advanced  paralysis.  Electric  stimulation  of 
the  cervical  sympathetic  caused  prmnpt  dilatation  of  the  pupil. 

The  respiration  was  usually  slowed  and  very  oft^n  was  irregular 
(see  fig.  J). 

The  pulse  was  considerably  accelerated  during  the  acute  stag^;  in 
stMne  cases  so  rapid  that  it  could  not  be  counted.  Irregularitie*  were 
frequent.  Slif^t  muscular  exertion,  as  walking  up  stairs,  caused  tachy- 
cardia. The  blood  pressure  was  practically  normal.  The  pupils  were 
often  enlarged  and  reacted  sluggishly  to  light. 

The  urine  was  greatly  diminished  in  volume  and  gave  a  strong  test 
for  indican,  a  trace  of  coagulable  protein  and  bile  pigments.  Acetone, 
diaoetic  acid  and  sugar  were  ah«ent.  Casts  were  pnfient  in  small 
numben). 

There  was  a  conspicuous  atwnce  of  oedema  in  our  animals,  a  symp- 
Uini  which  is  eharacteriiilic  of  so-called  wet  beri  beri  in  the  human. 
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The  disease  never  caused  Tever;  on  the  contrary  the  body  tempera- 
ture  fell  considerably  toward  the  end.  Even  in  the  earlier  stages  of 
the  disease  the  beat  rcKulation  was  upset,  as  evidenced  by  a  subnormal 
body  temperature  resulting  from  exposure  of  the  animal  to  a  cold  room 
in  the  winter  time.  We  were  unable  to  explain  this  disturbance  of 
heat  reflation;  it  may  possibly  have  its  origin  in  an  alteration  of  the 
nervous  mechanism  which  controls  the  body  temperature. 

Death  usually  occurred  several  days  after  the  firet  appearance  of 
the  paralytic  s>'mptoni9.  Exceptionally,  animals  might  die  during 
thi'  night, although  no  de6nite  para)>'tic  symptoms  were  observed  during 
thf>  previous  daj-s. 

Pathology.  Gross.  The  grotts  changes  were  not  very  marked.  There 
may   be   mentioned:    fatty  appearance  of  the  liver,  congestion  of  the 


t'JK.  2.     Dor  <nn.  7)  with  severe  polyneurittii.     Hhowa  elTcol  of  ntiinulatinD 
i  rrntrkl  adiI  prriphprsl  end  of  cut  vk|tua.     Note  normal  chararior  of  the 


kidney,  inflammalion  of  the  upper  portion  of  the  intestine,  dilata- 
tion of  the  heart  and  occasionally  an  increase  in  the  pericardial  fluid. 
With  the  exception  of  two  of  the  dogs,  no  evidence  of  scurvy  was  found 
in  any  of  the  animals. 

HiMoiogicai.  In  almost  every  instance  the  sciatic  nerves  w<-rc 
examined  by  the  Marchi  method  for  evidence  of  myeUn  degeneration. 
In  a  conHiilerable  numlxT  the  vagi  were  also  examined.  Fairly  com- 
plete hLitological  examinations  were  made  of  practically  all  the  impor- 
tant organs  of  m-veral  of  the  cats.  Motit  of  the  tissues  were  fixed  with 
formalin,  emt>e<lde«l  in  collnidin  and  stained  with  baematoxylin  and 
eo!<in.  Sections  w(-re  made  from  several  levels  of  the  spinal  cord 
which  were  tr(>ated  by  the  Marchi  method,  enil*edded  in  paraffin 
and  mounli'd  in  chlontfonu  l>alsam. 
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The  most  striking  changes  were  found  in  the  nervous  system.  The 
teased  sciatic  nerves  of  practically  all  the  animals  which  developed 
symptoms,  showed  myelin  degeneration  varying  from  a  mild  type, 
characterized  by  a  foamy  appearance  of  the  myelin  and  a  swelling  at 
the  nodes  of  Ranvier,  to  a  typical,  well-marked  degenerative  process, 
involving  many  fibers,  similar  to  that  seen  in  pigeons  with  polyneu- 
ritis gallinarium.  The  few  spinal  cords  studied  showed  some  degen- 
erated fibers  at  all  levels,  the  changes  being  quite  similar  to  those 
described  by  Vedder  and  Clark  ('12)  in  the  case  of  pigeons.  As  to 
location  they  were  somewhat  scattered,  being  found  in  the  posterior, 
lateral  and  anterior  columns.  The  amount  of  change  found  in  the 
nerves  and  cord  did  not  always  correspond  to  the  severity  of  the  symp- 
toms in  the  animals. 

The  changes  found  in  the  parenchymatous  oi^ans  may  be  summa- 
rized as  follows : 

Heart:  The  transverse  striations  are  for  the  most  part  absent,  or 
only  faintly  defined.  There  is  considerable  fragmentation  of  the 
sarcoplasm.  It  is  difiScult  to  determine  whether  this  is  due  to  agonal 
or  post-mortem  changes,  or  to  those  due  to  fixing,  but  it  seems  that  a 
more  or  less  acute  parenchymatous  degenerative  process  must  have 
been  present.     Fatty  degeneration  was  present  only  to  a  slight  d^ree. 

Lungs:  Endarteritis  is  quite  marked  in  several  cases.  The  inter- 
alveolar  septa  are  thickened.  The  capillaries  are  thickened.  The 
capillaries  are  distended  and  phagocytic  cells  are  quite  numerous  in 
the  septa  and  to  some  extent  in  the  alveolar  lumina.  Pigmentation 
is  not  marked. 

Small  intestine:  The  mucosa  shows  quite  extensive  changes.  The 
villi  are  largely  gone.  Some  round-celled  infiltration  is  present  in  the 
base  of  the  mucosa  and  extends  into  the  submucosa. 

Liver:  The  central  vein  and  its  capillaries  are  distended  with  blood. 
The  liver  cells  show  numerous  small  vacuoles,  as  well  as  a  few  large 
ones,  and,  besides,  a  highly  granular  condition  of  the  cytoplasm. 

Pancreas:  No  definite  changes  were  found  with  the  method  of  stain- 
ing employed. 

Spleen:  There  is  a  marked  increase  in  the  connective  tissue  elements 
in  some  cases  amounting  almost  to  a  true  interstitial  splenitis.  There 
is  a  slight  amount  of  colloid  degeneration.  There  are  more  blood  cells 
in  the  Malpighian  corpuscles  than  normal  and  pigmented  tissue  cells 
are  numerous. 


Digitized  by  VjOOQIC 


584  CARL  VOECTLIN  AND  Q.   C.  LAKE 

Kidney:  The  capeule  shaws  no  tbickcniog.  The  glomeruli  uc  fur 
the  most  part  nearly  normal,  except  that  the  capillaries  are  somewhat 
distended.  A  few  of  the  glomeruU  are  shrunken  and  show  colloid 
degeneration,  with  some  round  celled  infiltration  in  the  vicinity.  There 
are  a  few  amall  capillary  haemorrhages.     The  epithelial  cells  of  the 
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convx>luted  tubules  show  considerable  vacuolization  and  more  than  the 
usual  amount  of  granulation  of  the  cytoplasm.  The  nuclei,  for  the 
most  part,  stain  fairly  well.  In  some  instances  the  lumina  of  the 
tubules  are  completely  obliterated,  the  cytoplasm  of  the  ce'ls  form- 
ing a  more  or  less  homogeneous  mass  of  granular  material,  with  the 
poorly  staining  nuclei  scattered  about. 

These  pathological  changes  are  somewhat  similar  to,  though  'esa 
extensive  than  those  described  by  Sundwall  ('17)  m  connection  with 
studies  in  tissue  alterations  in  malnutrition  and  in  pellagra. 

Trealmenl.  When  the  disease  had  not  advanced  too  far,  the  ani- 
mals could  be  reUeved  of  their  symptoms  by  means  o  an  act've  prep- 
aration of  the  antineuritic  substance.  As  will  be  seen  from  the  pro- 
tocols,  the  administration  of  a  single  dose  o'  autolyzed  yeast  filtrate  to 
an  animal  with  severe  paralysis  caused  complete  recovery,  often  with- 
in twelve  hours.  The  same  result  was  obtained  also  after  the  admin- 
istration of  a  single  dose  of  a  purified  yeast  preparation,  which  had 
been  freed  from  amino  acids,  purine  bases  and  other  impur'ties  (yeast 
vitamine  123,  chart  6).  The  improvement,  following  the  adminis- 
tration of  ant'neuritic  preparations  to  severely  paralyzed  cats,  was 
just  as  striking  as  that  obtained  in  pigeons.  There  was  prompt  disap- 
pearance of  all  the  clinica'  signs  such  as  para'ysis,  'oss  of  appetite, 
high  and  irr^iular  pulse  rate,  labored  respirat'on,  etc.  If  the  treat- 
ment was  not  continued  the  symptoms  returned  after  a  "ew  days.  The 
continuous  daily  administration  of  even  a  very  small  dose  of  autolyzed 
yeast  filtrate  resulted  in  the  recovery  of  lost  body  we'ght  and  pre- 
vented the  reappearance  of  polyneuritis. 

Oeneral  consideraliona.  Numerous  writers  have  cal'ed  attention  to 
the  fact  that  beri  beri  in  the  human  being  is  associated  with  a  diet  rich 
in  carbohydrates.  The  disease  s  especially  prevalent  among  eastern  - 
peoples  who  live  on  a  more  or  'ess  exc'usive  diet  of  white  rice.  The 
observations  of  Little  concerning  beri  beri  in  Newfoundland  seem  also 
to  cdnfirm  this  view,  as  he  attributes  the  disease  to  a  diet  c<HnpoBed 
of  white  bread,  molasses  and  fish.  Funk  ('14)  on  the  basis  of  'ceding 
experiments  on  pigeons,  tried  to  establish  a  relation  between  carbo- 
hydrate metabolism  and  the  antineuritic  substance.  This  author 
believes  that  the  antineuritic  vitamine  is  in  some  way  concerned  with 
the  metabolism  of  carbohydrates,  as  he  found  that  an  increase  in  the 
carbohydi-af*  component  of  the  diet  caused  a  more  rapid  appearance 
of  avian  polyneuritis.  This  conclusion  is  also  confirmed  by  the  exten- 
sive experiments  of  Braddon  and  Cooper  ('14)  who  state 
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thmt  the  amouDt  of  ftntiaeuritic  ■ubstance  required  by  the  orguiiBm  increaac* 
with  the  quantity  of  carbohydrate  roetaboliied.  For  the  mainteasDce  of  health 
the  intake  of  active  aubatance  muat,  therefore,  be  adjusted  ao  as  to  stand  in 
some  quantitative  relation  to  the  amount  of  carbohydrate  included  in  the  diet. 

Od  superficial  oonaideration,  these  statements  seem  to  be  contra- 
dicted by  the  fact  that  the  present  authors  were  able  to  induce  typical 
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pdyneiiritis  by  means  of  an  exclusive  meat  diet,  a  food  which  is  rich 
in  protein  and  very  poor  in  carbohydrate.  It  should  be  remembered, 
however,  that  the  intermediate  metabolism  of  protein  may  lead  to  the 
formatioD  of  lai^  amounts  of  carbohydrate.  For  instance,  Reilly 
Nolan  and  Lusk  ('98)  fed  a  dog  suffering  from  phlorizin  diabetes  500 


Pig.  7.  Dog.  6.    A,  sciatic  nerve,  teased  preparation,  Marchi  method,  show- 
ing myelin  degeneration.    B,  Rber  from  sciatic  of  normal  dog. 

grams  of  meat  and  calculated  that  the  sugar  production  from  meat 
amounted  to  58  per  cent  by  weight  of  the  meat  protein  metaboUzed. 
Our  observations,  therefore,  merely  supplement  the  view,  expressed 
by  Funk,  Braddon  and  Cooper,  that  a  high  protein  diet  may  also  lead 
to  an  increase  in  carbohydrate  metabolism  which  may  require  the 
presence  of  a  minimum  quantity  of  antineuritic  substance. 


iL  or  pnmoLOOT,  tol.  47,  no.  4 


Digitized  by  VjOOQIC 


588  CABL  TOEQTLIN  AND  O.   C.  LAKD 

From  the  Btandpoint  of  dietetics,  (be  results  of  this  investigation 
emphasiie  the  great  stability  of  tbe  antineuritic  substaoce  of  meat 
after  a  relatively  long  exposure  of  this  food  to  bigh  t«mperatUm. 
Beef  can  be  heated  for  three  hours  to  120°C.  without  its  completely 
losing  its  antineuritic  properties  (see  chart  1).  It  is  |m>bable  that  the 
acid  products  (lactic  acid)  of  beef  are  partly  responsible  for  this  great 
heat  rcflistance  of  tbe  antineuritic  substance,  as  it  was  shown  in  this 
laboratory  and  elsewhere  that  an  acid  reaction  tends  to  preserve  its 
F^yaiologica]  activity.  In  the  preparation  of  beef  for  human  con- 
sumption, this  food  is  rarely  eiqxwed  throu^out  to  a  temperature 
exceeding  lOO^C.  On  the  other  band,  this  research  demooatrates  that 
a  combination  of  biglf  temperature  and  an  alkaline  reaction  leads  to 
the  complete  destruction  of  the  antineuritic  properties  of  be*^.  Even 
in  the  presence  of  an  alkaline  reaction,  it  is  neoessary  to  heat  tbe  meat 
for  a  considerable  time  at  a  temperature  above  100°C.  Short  expos- 
ure to  lOO^C.  does  not  seem  to  bring  about  a  loss  of  antineuritic  power, 
as  evidenced  by  scune  n^ative  experiments  not  reported  in  this  paper. 

In  ooncluston,  it  should  be  pointed  out  that  the  present  tend^acy 
toward  alterations  of  the  dietary,  as  brou^t  about  by  the  war,  may 
very  well  lead  to  the  occurrence  of  isolated  cases  of  deficiency  diseasra 
in  this  country  and  abroad.  It  is  very  likely  that  the  early  stages  of 
beri  beri  might  easily  escape  recognition,  as  the  symptomii  are  not 
specific  for  this  disease  only.  This  stat^-ment  is  supported  by  the 
fact  that  the  prevalence  of  ben  beri  among  the  fishermen  of  New- 
foundland had  evidently  escaped  recognition  until  Little  published  his 
report  describing  the  wid(«pread  existence  of  beri  beri  in  this  locality. 
The  history  of  pellagra  in  (he  United  Htatiti  also  furnishes  evidence  to 
the  effect  that  an  unfamiliar  disease  may  exist  for  years  before  ila 
presence  is  rfcogniie<l. 

CONCLfSIONS 

1.  Polyneuritis  has  been  produced  in  cats  and  dogs  as  the  result  of 
an  exclusive  dietary  of  loan  beef  which  was  heat4>d  for  three  hours  at 
120°(..  in  the  pnwenoe  of  alkali  (*m»dium  carbonate).  Proof  of  this 
8tat«mont  is  furnished  by  the  8>'mptomatology,  treatment  and  path- 
ology of  the  disease  noted,  which  are  ewentially  those  characteristic  of 
beri  beri. 

a.  Symptom^:  The  following  H.vmpt<tm8  were  observed  in  thew 
animals:  Diminution  of  appetite,  constipation,  Umh  of  Ixxly  weight, 
weaknem  and  sometime  drowsiness,  fitllow<><l  by  paralytic  symptoms, 
tonic  connilitions,  spasticity  of  crrtain  groups  of  muscles  and  disturb- 
anc(«  of  tbe  circulation  and  nt<piralion. 
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b.  Treatment:  The  oral  administration  of  active  preparations  of  the 
antineuritic  substance  of  yeast  to  paralyzed  animab  .'s  followed  promptly 
by  the  disappearance  of  the  symptoms;  and  the  continued  administrar 
tion  of  these  preparations  prevents  the  recurrence  of  the  disease. 

c.  Pathological  changes:  Certain  histopathological  changes  especially 
the  changes  involving  the  nervous  system  are  described.  Animals 
showing  severe  paralysis  exhibit  no  qualitative  changes  in  the  reaction 
of  various  nerves  to  electric  stimulation. 

2.  The  disease  is  due  to  a  deficiency  of  the  diet  in  antineuritic  sub- 
stance and  not  to  a  deficiency  in  the  other  essential  dietary  components 
(amino  acids,  fat-soluble  vitamine,  etc.)- 

3.  Exposure  of  the  beef  for  three  hours  to  a<temperatiire  of  120°C., 
without  the  previous  addition  of  alkah,  does  not  completely  destroy 
the  antineuritic  power  of  this  iood.  It  is  therefore  concluded  that  the 
ordinary  preparation  of  meat  for  human  consumption  does  not  lessen 
its  food  value  in  this  respect. 

4.  The  various  species  of  animals  show  a  considerable  difference  in 
their  susceptibility  to  polyneuritis,  as  evidenced  by  the  different  length 
of  time  which  is  necessary  to  induce  the  disease  by  the  same  deficient 
diet.  Cats  respond  to  the  deficient  diet  with  the  greatest  regularity 
and  are,  therefore,  best  adapted  for  physiological  studies  of  the  func- 
tion of  the  antineuritic  substance. 
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